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General Introduction 
India is the seventh largest country of the world, lies north of the equator 
between  8⁰ 4ˈand  37 ⁰ 6ˈ N latitude and 68⁰ 7ˈ and 97⁰ 25ˈ E longitude and occupies 
a total land area of 3.166 million square km (Anon, 2007). The country exhibits great 
diversity in topography, climate, land use, flora and fauna. It is  basically an 
agricultural country where almost 70 % of the population depends on agriculture for 
livelihood (Delphine and Thatheyus, 2003). The  contribution of agriculture sector  
to the nation's gross domestic product (GDP) was 14% and accounts 11 % of the total 
exports during 2012-2013 (Anon, 2013a). 
Rearing of livestock is an integral part of agriculture which contributes 
significantly in the national economy as well as in improving the socio-economic 
conditions of the agrarian society. They  are the  main source of  family income by 
providing eggs, meat, milk, hide, skin, dung for fuel and self employment to millions 
of people in rural areas, particularly landless labourers, small and marginal farmers 
and women. Males of cattle and buffaloes work as draught animals and are being used 
for ploughing, transportation as well as drawing water from wells. Their share in crop 
cultivation is very high, therefore; they are given more importance in agrarian society. 
Quality and quantity of cattle and buffaloes not only raises the social status but also 
improve economic conditions of Indian farmers. India rank first  in  cattle and buffalo 
population, while second  and third in  goat and sheep population respectively in the 
world. According to the 19th Livestock Census in the country (reference date:15 
October, 2012, released on 17th  June, 2014) there are about 190.9 million cattle, 
108.7 million buffaloes, 65.07 million sheep, 135.2 million goats and 12.2 million 
other animals (Anon, 2012a). The share of these animals in total livestock population 
is shown in Fig. (I). Comparison of   livestock census 2007 (18th) and 2012 (19th) 
indicates a decreasing trends of  various livestock population except buffalo, which 
shows an increasing trend (Table I). 
Livestock sector alone generates about Rs. 5375350 million which is nearly 
26% of the total value of output in agriculture, fishing and forestry sector and about 
4.1 % in total GDP during 2012-13 (Anon, 2012 a). India produces 137.7 million 
tonnes of milk, 6.2 million tonnes  of meat  and 47.9 million kg of wool during 2013-
14 with an annual growth rates of  3.97%, 5.08% and 4.03% respectively and  ranks 
first in milk production and eight in meat production (Anon, 2015). 
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Fig. I: Share of different animals in the livestock population (19th livestock 
census, 2012). 
 
Table I: Per cent change of Indian livestock population between 2007 to 2012. 
 
 
 
Cattle 
37% 
Buffalo 
21% 
Sheep 
13% 
Goat 
27% 
Pig 
2% 
Others 
0.37% 
      Category                          Total number of animals (millions) 
Census 2007 Census 2012 %  Change 
Cattle 199.075 190.904 - 4.10 
Buffalo 105.342 108.702 + 3.19 
Goat 140.537 135.173 -3.82 
Sheep 71.558 65.069 -9.07 
Total livestock 529.696 512.057 -3.33 
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The  major source of income comes from milk  and meat which contribute  Rs. 
3054840 million and Rs.836410 million respectively during 2011-12  (Anon, 2013b). 
These data clearly highlight the importance of livestock in national economy. 
Therefore, economists and animal scientists emphasized the need of selective 
breeding and effective animal management to increase the production of milk, meat 
and wool and to  improve the draught power of animals. However, animals can be 
utilized to their maximum potentials by improving their health through 
eradication/control of diseases. 
About 5 million people in the country are engaged in rearing of sheep and 
goats (Anon, 2003), which play an important role in the socio-economic development 
of the country. The goat sector alone contributes Rs. 385900 million through meat 
(Rs. 226250 million), milk (Rs. 95640 million), skin (Rs.14910 million), manures 
(Rs.15350 million) and others (Rs. 33600 million) which is about 8.4 % of the total 
livestock GDP. The goat husbandry also generates about 4.2 % employment to the 
small, marginal farmers and landless labourers (Anon, 2014). Similarly, sheep 
husbandary contributes a total of Rs. 54339.9 million through meat (Rs. 35184 
million), wool (Rs. 2260 million), offal (Rs. 6838.3 million), manure (Rs. 6820.5 
million) skin (Rs. 2318.4 million) and others  (Rs. 918.7 million) (Anon, 2012b). 
Goat milk  has significantly higher content of mono and  poly unsaturated fatty acids 
as well as medium chain triglycerides which are beneficial for human health in 
general and cardiovascular disease in particular (Haenlein, 2004). Goat meat has high 
iron content, rich in Vitamin B-12, balanced proportion of saturated/unsaturated fatty 
acids,  lower Ѡ 6: Ѡ3 fatty acids  ratio (heart-friendly food) and it is a rich source of 
conjugated linoleic acid which is anti-carcinogenic and only found in ruminants 
(Chin et al., 1992; Banskalieva et al., 2000). These data clearly highlight the 
importance of livestock in national income.   
Though India has the highest livestock population, but due to lack of proper 
care and effective  livestock managemant their productivity is quite low. In livestock 
management it is essential to consider all those factors which are responsible for poor 
health of animals and hinder the maximum productivity. Among various factors, 
parasitic infection is one of the most important components which causes 
considarable damage to our livestock (Fig. II) and thereby decrease the productivity 
of  animals.  Therefore,   it  is  necessary  to  protect  our  farm  animals from parasitic  
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Fig. II: Influence of parasite on the physiology of host. 
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infections to prevent losses  induced by them. In India, majority of  goats  are  reared 
on the pasture (Fig. III). Helminth infections are a major concern for intensively 
pastured goats (Hoste and Torres-Acosta, 2011). Parasitic infections are more 
prevalent in India due to  its hot and humid climate, which favours the development of 
gastrointestinal parasites during the period of nutritional stress and wet season in 
tropical area (Hawlader et al., 2002). Among the diseases that constrain the survival 
and productivity of sheep and goats, gastrointestinal nematode infection ranks highest 
on a global index on the basis of their impact on poor with Haemonchus contortus 
being of overwhelming importance (Perry et al., 2002). This is highly pathogenic and 
economically most important gastrointestinal parasite of sheep and goats. It is a 
haematophagous parasite that causes severe anaemia, high morbidities and mortalities 
and thereby great production losses of sheep and goats throughout the world (Qamar 
et al., 2011; Alberti et al., 2012; Al-Khayat and Al-Jebory, 2012; Bordoloi et al., 
2012; Gebresilassie and Tadele, 2015; Saminathan et al., 2015). It  is found in the 
abomasum of sheep and goats (Fig. IV a) and commonly known as the barber pole or 
wire worm due to the appearance of female worms like wire,  in which the white 
ovaries wind spirally around the red intestine giving the characteristic barber’s pole 
appearance (Fig. IV b). They exhibit sexual dimorphism; females are larger (30 mm) 
than males (20 mm) (Fig. IV c).  The buccal capsule of L4, male and female is 
equipped with teeth or lancet (Fig. IV d), which is used for piercing in the mucosa for 
feeding. Fertilized female produces about 5000-10,000 eggs per day which are passed 
out with the faeces, hatched in soil to produce first stage larvae (L1), which develop 
into L2 and L3 by moulting. Sheep and goats become infected while grazing on 
contaminated pasture with infective larvae (L3). Unsheathing of the larvae occurs in 
the rumen, larvae then migrate to the abomasum, where they burrow on mucosal 
surface and develop to L4  which starts feeding on blood and undergoes another moult 
to become adult. The complete life cycle is shown in Fig. (V). 
Pathogenicity often results due to mechanical damage caused by the parasite 
with an inflammatory response. In addition to mechanical damage, the gut parasite 
also causes many functional disturbances in the host body including metabolic 
changes, retardation of growth, weight loss, haematological changes and increased 
susceptibility to a variety of stress resulting alteration in behaviours (reviewed by 
Khan et al., 2015). The adult and  fourth  stage  larvae  (L4) of H.  contortus  attach to 
Introduction 
 
 6
 
 
 
 
 
 
           
Fig. III : Sheep and goat  grazing on grass field. 
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Fig. IV: Photomicrographs of infected abomasum (a and b) showing 
attached worms (arrow). Inset at higher magnification showing 
barber pole appearance of female worm. Isolated male and female 
worms (c). Scanning electron micrograph of adult parasite 
showing feeding apparatus. Lancet (L) enables the worm to feed 
on blood after piercing the abomasal mucosa (d). 
     Females                    Males 
L 
(a) (b) 
(c) (d) 
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Fig. V: Life cycle of Haemonchus contortus. 
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the mucosa and feed on blood by damaging the blood capillaries of abomasal lining 
with the help of their lancet which results in anaemia (Pérez et al., 2001). It has been 
estimated that each worm causes about 0.05 ml of blood loss per day either by 
ingestion or seepage from lesions (Urquhart et al., 2000). In addition to this, 
hypoproteinaemia, sub-mandibular oedema (bottle jaw), ascites, reduction in milk, 
meat and wool production, reduced feed intake which leads to loss in weight, reduced 
immunity, lower fertility, and a reduction in working capacity have also been reported 
(Kelkele et al., 2012; Tehrani et al., 2012; Al-Khayat and Al-Jebory, 2012; 
Bordoloi et al., 2012; Saminathan et al., 2015). Soulsby (1982) divided the clinical 
manifestations of haemonchosis into hyper acute, acute, and chronic. Hyper acute 
condition is due to heavy infection and is characterized by severe anaemia, 
haemorrhagic gastritis, and sudden death without significant signs. The acute form is 
mainly characterized by hypoalbuminaemia, anasarca (bottle jaw), high mortality rate 
in young animals and faecal egg counts usually reaches up to 100,000 eggs per gram. 
The signs of chronic form include emaciation, slight anaemia, pale mucous 
membrane, hydrothorax ascites, anorexia, gastric dysfunction and weight loss.   
It is an established fact that H. contortus is one of the most pathogenic 
parasites causing high mortalities of small ruminants. Therefore, an accurate and early 
diagnosis is essential for appropriate and timely treatment of animals. Diagnosis of H. 
contortus infection is generally based on clinical signs, which is considered as the 
most useful tool for the diagnosis and management of haemonchosis. Clinical 
diagnosis is done by monitoring anaemia, faecal worm egg count, presence of blood 
in faeces and other laboratory procedures (Besier et al., 2016). Anaemia is the 
fundamental clinical problem in H. contortus infection therefore, monitoring of 
anaemia by testing colour of eyes has proven as one of the easiest and effective 
diagnostic tools.  Periodic monitoring of colour of ocular mucous membrane is done 
through ‘FAMACHA’ 5 points conjunctiva color index  system,  which is an effective 
tool to identify the animals for selective treatment (Vatta et al., 2001; van Wyk and 
Bath, 2002; Kaplan, 2004). Bath et al. (1996) developed FAMACHA method of 
selective treatment and since then it has been implemented successfully in many parts 
of the world (Besier, 2008) by which the treatment costs dropped by approximately 
58% (van Wyk and Bath, 2002). Overwhelming majority of trainees as well as 
farmers is using the FAMACHA system successfully and rated the system very high 
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(> 80%). Faecal worm egg count is another authentic method, used for the detection 
of H. contortus adult worms in the host. It involves counting of eggs per gram of 
freshly collected faces by using McMaster slide with a chamber. This method is 
useful in treatment and developing control strategies (Burke, 2005).   
Laboratory analysis of packed cell volume (PCV) is usually used along with 
faecal worm egg count to diagnose H. contortus infections. The measurement of 
blood loss has an advantage over faecal egg counts in that it enables early detection 
of H. contortus infection, as blood loss occurs prior to egg production (Hunt and 
Lello, 2012). Since, blood sampling is labour intensive therefore to overcome this 
problem; the Australian government commercialized a product known as 
Haemonchus Dipstick to measures blood loss by quantifying the amount of blood in 
the faeces (Colditz and Le Jambre, 2008).  A number of other tests such as 
Hexagon, Hematest® and Multistix® are also being used to detect the presence of 
blood in faeces of H. contortus infected animals (Rodríguez et al., 2015). Polymerase 
chain reaction (PCR) and lectins binding techniques are used for identification of 
eggs. Although these  techniques are quick and gives results in less than 24 hours 
which can only be done in the laboratory by experts but are costly and can be done by 
experts (Colditz et al., 2002; Roeber et al., 2012; Sweeny et al., 2012; Hilrich et 
al., 2012; Roeber et al., 2013).  
The usual mode of control of haemonchosis is based on the repeated use of 
anthelmintics. However, indiscriminate uses of anthelmintics in organized and private 
farms cause multiple drug resistant among parasites, which is currently a major issue 
in the production of small ruminants (Besier and Love, 2004; Jabbar et al., 2006;  
Besier , 2007; Kaplan and Vidyashankar, 2012). Because of development of drug 
resistance among gastrointestinal nematodes alternative control strategies like 
rotational grazing selective breeding, nutritional supplementation, selective treatment 
and use of plants, containing natural anthelminthics are being used to cope with 
increasing anthelmintics resistance (Kaminsky et al., 2009; Besier et al., 2016).  
Rotational grazing allows time for on-pasture larvae to die out and for grasses to grow 
higher by which larvae cannot climb (Stear et al., 2007;  Bukhari and Sanyal, 2011) 
and thus reducing the pasture contamination with infective larvae. The rotational 
grazing is considered as preventative, evasive or diluting (Jackson and Miller, 2006). 
In preventative strategy parasite-free animals were allowed to graze on clean pastures 
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while  evasive strategy involves moving animals from contaminated to clean pastures 
within the same season and alternating grazing of different species (Cabaret et al. 
2002;  Younie et al. 2004). Genetic improvement of the animals through selective 
breeding for parasite-resistant breeds of sheep and goats is very effective control 
method (McManus et al., 2014 ; Zvinorova et al., 2016).  Rout et al. (2011) studied 
two breeds of goats and reported that the Jamunapari breed of goats were resistant to 
H. contortus infection while the Barbari were susceptible. Another common practice 
is selective treatment, which is a highly effective method for lowering parasite 
resistance to anthelmintics. It involves FAMACHA and McMaster's method to 
identify and treat only those animals which had high haemonchosis levels (van Wyk 
and Bath, 2002; Morgan, 2005).   
 Jackson- O’Brien (2012) studied the efficacy of natural products like garlic, 
ginger, papaya and pumpkin seeds against H. contortus infection and found that 
pumpkin seeds had the most promising anti parasitic effects, especially when 
administered as a drench for the control of H. contortus. Strickland et al. (2009) 
reported 65% decrease in faecal worm egg count after the treatment of H. contortus 
infected animals with garlic and pumpkin seeds. Many workers have used tanniferous 
plants and condensed tannins  to control gastrointestinal nematodes (Kabasa et al., 
2000; Molan et al., 2000; Athanasiadou et al., 2001; Chaichisemsari et al., 
2011; Hassanpour et al., 2011, Pathak et al., 2013). The condensed tannins inhibit 
nutrients availability for developing parasite and thereby causing death of the 
parasites (Athanasiadou et al., 2001;  Shaik et al., 2006; Moore et al., 2008). 
Decline in total worm burden and low fecundity has also been reported after 
prolonged feeding of tanniniferous diet to H. contortus infected animals (Min and 
Hart, 2003; Debela et al., 2012; Pathak et al., 2016). Many workers have used 
copper oxide wire particles (COWP) to control H. contortus infection, which reduces 
worm burdens and  prevent the establishment of parasites (Waller et al.,  2004; 
Burke et al., 2005; Martinez Ortiz de Montellano et al., 2007;  Vatta et al., 2009). 
The biological control method is one of the most important tools for integrated 
control program in which a nematophagous fungus, Duddingtonia flagrans is used. In 
this method  fungus spore (chlamydospores) are fed to infected animals,  which trap 
and kill the infective larvae in faeces and therefore break the lifecycle of parasites 
(Chauhan et al., 2005; Ojeda-Robertos et al., 2008;  Santurio et al., 2009; Terrill 
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et al., 2004).  It was clearly demonstrated that dosing of fungus spore not only 
reduced the number of infective larvae but also increased the body weight of the 
lambs as compared to controls (Epe et al., 2009). A new vaccine Barbervax® 
against H. contortus was developed by Dr. David Smith at Moredun research institute 
Scotland. This proteinaceous vaccine was isolated from the lining of worm intestine, 
which provides protection up to 75 - 95 %. The generated antibodies against this 
vaccine bind with intestine and block the digestion of worms and due to starvation the 
worms die (Smith, 2015). 
The economic importance of a disease is not only due to its rate of mortalities 
but morbidity also plays an important role. The exact information about the actual 
economic loss due to H. contortus is not available from India but some scattered 
information is available from other countries (see for details Qamar et al., 2011). 
Annual economic losses in Pakistan was estimated as Pakistani Rs. 142902 million 
due to infection  of sheep and goats caused by this parasite and Pakistani Rs. 25 
million as treatment cost of haemonchosis (Qamar et al., 2011). The production 
losses of sheep and goats in Faisalabad abattoir was estimated as Pakistani Rs. 31.43 
million per annum.  In addition to this the annual treatment cost of haemonchosis was 
estimated as 26 million, 46 million and 103 million dollar from Kenya, South Africa 
and India (see references in Qamar et al., 2011). These data clearly highlighted the 
importance of H. contortus. Therefore, in the present study various aspects of H. 
contortus were investigated to collect the basic data that can be used for designing an 
integrated control program. 
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1.1: Introduction 
 Sheep and goat rearing is an integral part of Indian farming system, which 
provides cash income through milk, meat, skin and manure. About 5 million people 
are engaged in sheep and goat farming. In India the population of goat was higher 
than sheep which accounts for 27% and 13% respectively of the total livestock 
population (Anon, 2012). Despite the huge number of sheep and goats, the economic 
benefits to their owners remain marginal due to predominant parasitic infection and 
traditional animal husbandry system. The hot and humid climate of India favors the 
development of gastrointestinal parasite on pasture (Hawlader et al., 2002) and 
therefore raising of livestock on pasture becomes difficult. Helminth infections are 
major concern for intensively pastured goat which remains a constraint in raising of 
livestock on pasture (Hoste and Torres-Acosta, 2011). Among various parasitic 
infections, H. contortus is very common parasite of sheep and goat which is 
responsible for great production losses of small ruminants by causing loss in, milk, 
meat and wool production besides other kinds of damage and sometimes death of 
infected animals (Qamar et al., 2011). Mortality rate of small ruminants due to this 
parasite has been reported as high as 50% (Itty et al., 1997).  
Since this parasite causes considerable economic losses to sheep and goats 
industry, therefore, in order to overcome the losses there is an urgent need to control 
this parasite. Efficient and effective parasite control is only possible if sufficient 
information is available on prevailing epidemiological factors which determine the 
frequency and transmission of diseases. In this context, Barger (1999) pointed out 
that for sustainable control of helminth parasites in grazing animals there is no single 
requirement more crucial than a comprehensive knowledge of the epidemiology of the 
parasite as it interacts with the host in a specific climatic, management and production 
environment. They further stated that in the absence of a comprehensive 
epidemiological knowledge, there are only two philosophical basis for anthelminthic 
administration. The first is to treat the animals at intervals on or near the pre patent 
period of parasite, while, the second method is to treat the animals therapeutically 
whenever clinical signs of infection appear. Although the first approach is more 
effective in minimizing parasite population and production losses for short term but it 
leads to the development of drug resistance in the parasites. While the second 
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approach selects less strongly for resistance but leads to significant risk of 
uncontrollable disease or production loss (Barger, 1999). 
Many studies around the world have confirmed that the development and 
survival of H. contortus depends upon various climatic factors (Miro et al., 1991; 
Fernandez et al., 1994; O’Connor et al., 2007). Therefore, knowledge about the 
effect of local climatic factors on seasonal short-term patterns in L3 availability is 
essential for prediction and management of infection and disease threats. This 
situation warns the need of comprehensive epidemiological knowledge in order to 
devise an appropriate and cost effective strategy to control this parasite. The available 
literature revealed that a number of epidemiological studies h ave been carried out 
from different parts of India (Shirale and Made, 2007; Pathak and Pal, 2008; 
Bandyopadhyay et al., 2010; Bukhari and Sanyal, 2011; Palanivel et al., 2012; 
Mir et al., 2013) but no comprehensive studies have been done so far in Aligarh 
district of Uttar Pradesh. Therefore in the present study the seasonal dynamics and the 
effect of various environmental factors on the prevalence of H. contortus in goats was 
studied in Aligarh district, a semi-arid region of north India. 
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1.2: Historical Review  
 Haemonchosis is economically most important disease of small ruminants, 
caused by the genus Haemonchus. A total of 12 species of Haemonchus has been 
identified among which H. contortus infects sheep and goats (Hoberg et al., 2004). 
Initially this parasite was presumed to be prevalent in the tropical and sub-tropical 
zones but due to the impact of global warming it has also been found in temperate 
regions (Jackson and Coop, 2000; Hoste et al., 2002; Van Dijk et al., 2008). 
Literature survey reveals that H. contortus is one of the most dominating parasites of 
sheep and goats and is quite prevalent throughout the world (Miller et al., 1998; 
Vlassoff et al., 2001; Uriarte et al., 2003; Tan et al., 2014; Gebresilassie and 
Tadele, 2015) as well as in many parts of India (Sood, 1981; Singh et al., 1997; 
Shirale and Made, 2007; Sutar et al., 2010; Mir et al., 2013). Epidemiological 
studies of gastrointestinal parasite carried out from different parts of India has been 
reviewed by Bukhari and Sanyal (2011) under 4 major agro climatic zones.            
H. contortus was found to be the most dominating parasite in all the four climatic 
zones, and maximum incidence was reported during rainy and minimum during 
summer season (see for details, Bukhari and Sanyal, 2011). Furthermore, the 
survival and migration of infective larvae on grass blades was more in rainy and 
autumn season (June-November) as compared to non-rainy season (Sanyal, 1989 a). 
In the condition of sufficient rainfall, larvae migrate vertically up to 15 cm and 
laterally up to 50 cm as compared to only 5 cm and 20cm respectively during non-
rainy season (Sanyal, 1989 b).  
 H. contortus infection in sheep and goats has been reported from almost every 
state of India. Many reports are available from different district of Uttar Pradesh. 
Sharma et al. (2009) studied the gastrointestinal nematode infections in goats, 
maintained at Central Institute for Research on Goats, Mathura, and reported that 
among all economically important nematode parasites, H. contortus was predominant 
(95.6%). Singh et al. (2013) while studying the prevalence of gastrointestinal 
parasites in sheep and goats in and around Mathura also found H. contortus as the 
main gastrointestinal parasite in this region with the infection rate varying from 60-
75%. Agrawal et al. (2015) reported about 63% infection in goats by faecal 
examination of naturally infected animal from the same place. Prakash and Bano 
(2009) reported 5.83% prevalence rate in sheep from Kanpur. Ahmad and Ansari 
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(1987) studied the prevalence of gastrointestinal nematodes in sheep and goats in 
Aligarh and reported that H. contortus was predominant parasite with highest 
prevalence rate in the month of October (92%) while, lowest in the months of January 
and February.   
 Besides Uttar Pradesh, the infection of H. contortus has also been reported 
from other states of the country. Singh et al. (1997) studied the epidemiology of 
ovine gastrointestinal nematodes at an organized farm in the semi-arid zone of 
Rajasthan and reported predominant occurrence of H. contortus in sheep. They 
reported that the egg counts in faeces of adult sheep attain a peak in August while, in 
young sheep in September. Maximum worm burden was also recorded in August. 
Shirale and Made (2007) recorded the overall prevalence of gastrointestinal parasites 
in goats from Nagpur, Maharashtra as 65.47% with highest infection during monsoon 
(75.32%) and lowest in summer (47.09%). The maximum percentage of infection was 
recorded for Haemonchus followed by Strongyloides, Trichostrongylus, 
Oesophagostomum, Bunostomum, Fasciola and Paramphistomum spp. Similarly 
predominant occurrence of H. contortus has been reported in the goats from 
Ahmednagar, Maharashtra (Sutar et al., 2010). The seasonal prevalence of various 
helminth parasites was higher in monsoon (77.33%) followed by winter (60.83%) and 
summer (51.53%). Sinha and Sahai (1973) reported 67.2% prevalence of H. 
contortus in goat from Bihar. About 80% and 63.4% H. contortus infection in sheep 
and goats respectively have been reported from Hissar district of Haryana (Bali and 
Singh, 1977).  Prasad and Singh (1982) reported 74.67% H. contortus infection in 
goats from the same place and suggested that heavy rainfall and temperature range of 
18-36°C was optimum.  
In Tamil Nadu, about 67% prevalence of H. contortus has been reported in 
sheep (Palanivel et al., 2012) and 36% in goats (Balakrishnan et al., 2014). 
Varadharajan and Vijayalakshmi, (2015) studied the seasonal prevalence of 
gastrointestinal parasites in small ruminants in coastal areas of Tamil Nadu and 
reported that H. contortus  was predominant (45.94 %) in both sheep and goat and 
infection rate was higher in rainy season (68.36%) followed by winter (60.84%) and 
summer season (55.30%). The prevalence rates of H. contortus have been reported as 
59.6% in sheep (Tariq et al., 2008), 48.3% (Tariq et al., 2010) and 61% (Tak et al., 
2013) in goats from different regions of Kashmir valley, whereas from Jammu region 
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the prevalence of this parasite was found as 28.87% in goats (Mir et al., 2013) and 
61.18 % in goats and sheep (Khajuria et al., 2013). Variations in the prevalence rate 
have been reported during different seasons (Tariq et al., 2008; 2010) with highest 
infection in summer and lowest in winter. Khajuria et al. (2013) while studying the 
seasonal prevalence of gastrointestinal helminths in sheep and goats of Jammu 
province reported that maximum infection of gastrointestinal nematodes was found 
during the monsoon seasons.  
Pathak and Pal (2008) reported overall prevalence of gastrointestinal 
parasites as 85.22% in goats from Durg district of Chhattisgarh, out of which the  
prevalence of H. contortus was 26.13%.  They also found highest prevalence in 
monsoon (94.60%), moderate in summer (87.50%) and lowest in winter (63.15%). 
Although the predilection site of H. contortus is abomasum, but Bandyopadhyay et 
al. (2010) found the prevalence of H. contortus in reticulum in 76.8% cases than 
abomasum (60.28%) from Shilong, Meghalya. They suggested that the reason for the 
change in the predilection site may either be due to new strain of the parasites or this 
may also be due to the effect of some locally available herbs having some partial 
anthelmintic effect. Yadav and Tandon (1989) reported 52.7% prevalence rate of H. 
contortus in goats from  the sub-tropical and humid zones of  east and west Khasi hills 
districts of Meghalaya. From Assam, Bulbul et al. (2015) have reported highest 
infection in monsoon season (63.07%) and the lowest in summer (22.73%) with the 
highest peak  in the month of August. 
H. contortus infection has been reported from some adjoining Asian countries, 
like Taiwan (Hsiang et al., 1990), Saudi Arabia (El –Azazy, 1995; Degheidy et al., 
2014), Iraq  (Al-Hasnawy et al., 2014), Iran (Bahrami et al., 2012 ; Garedaghi and 
Bahavarnia, 2013), Malaysia (Dorny et al., 1995; Tan et al., 2014), Bangladesh 
(Nuruzzaman et al., 2012; Nahar et al., 2015) , Sri Lanka (Faizal et al., 2002; 
Rajapakse et al., 2008 ) and Pakistan (Al-Shaibani et al., 2008; Asif et al., 2008; 
Qamar et al., 2009;  Tasawar et al., 2010; Lashari et al., 2015). These workers 
have reported different prevalence rate which was mainly due to different climatic 
conditions prevailing in the study area.  
In the European countries, epidemiological studies of H. contortus have been 
undertaken across the continent in all the climatic zones. Waller et al. (2004) studied 
the epidemiology of `nematodes in sheep from Sweden, where H. contortus was 
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found as predominant parasite. In Spain, about 84% lambs were found to be infected 
with H. contortus (Uriarte et al., 2003).  Burgess et al. (2012) carried out a survey 
on the occurrence of trichostrongylid nematode species at various farm houses in U.K, 
where the sheep of about 50% farm houses were found to be infected with H. 
contortus. In Denmark, 92% goats were found to be infected with H. contortus (Holm 
et al., 2014).  
 In African continent, the predominant occurrence of H. contortus  has been 
reported in sheep and goats from Ethiopia (Emiru et al., 2013; Mesele et al., 2014; 
Gebresilassie and Tadele, 2015), Nigeria (Nwosu et al., 2007; Attindehou et al., 
2012; Gana et al., 2015) Senegal (Ndao et al., 1995), Kenya (Gatongi et al., 1998; 
Ng’ang’a et al., 2004; Mbae et al., 2004; Waruiru et al., 2005) and Tunisia 
(Akkari et al., 2013). In most of these studies maximum incidence of H. contortus 
has been found during rainy season.  
In the American continent, studies from United States have reported a high 
prevalence of H. contortus. The prevalence of H. contortus infection in sheep varied 
from 71% - 90% over a period of 3 years with an overall prevalence of 77% (Miller 
et al., 1998). H. contortus was reported as the most predominant gastrointestinal 
nematode infecting sheep in U.S.A. with a prevalence of 97% and 87% by Burke and 
Miller (2006) and Burke et al. (2016) respectively. From Mexico, Garduno et al. 
(2011) and Hernandez et al. (2007) reported that H. contortus was the most 
predominant parasite infecting sheep and goats. In Brazil, Mattos (1991) found H. 
contortus to be present throughout the year and it was the most dominating parasite.   
The prevalence of H. contortus was also reported from the Australian 
continent. In studies conducted in Australia and New Zealand, H. contortus was the 
most pathogenic and predominant parasites infecting sheep and goats (Vlassloff et al., 
2001; Hutchinson, 2009; Roeber et al., 2013).   
   In addition to prevalence, a number of studies have been carried out on the 
effect of climatic factors on the development of   infective larvae of gastro-intestinal 
nematodes of sheep and goats from different parts of the world (Urquhart et al., 
1996; Vlasoff et al., 2001; Nginyi et al., 2001; Uriarte et al., 2003; Waller et al., 
2004; Troell et al., 2005; O`Connor et al., 2006; Sissay et al., 2007). These authors 
suggested that warm temperature and adequate moisture are the most favourable 
conditions for the development of infective larvae. They reported highest level of 
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pasture contamination with infective larvae (L3) in rainy season while low in dry 
season. Levine et al. (1975) suggested that temperature and soil moisture are the most 
important factors affecting the development and survival of H. contortus eggs and 
larvae on pasture. The optimum temperature for the development and survival of H. 
contortus was found between  20 to 35°C and at low temperature the mortality rate of 
larvae was very high (Miro et al., 1991).  
Fernandez et al. (1994) have studied the influence of different factors like 
relative humidity, temperature and rainfall on the development of infective larvae of 
H. contortus from Mexico. They found highest rates of recovery of first (L1) and 
second stage (L2) larvae at the end of the rainy season, while that of third-stage (L3) 
larvae during post monsoon (autumn). Furthermore, they reported that the time taken 
in the development of infective larvae from eggs varied significantly depending upon 
the season.  Khadijah et al. (2013 a, b) studied the effect of soil moisture and rainfall 
on the development of the infective stage of H. contortus  by using a climate-
controlled chamber experiment and reported that the recovery of L3 was significantly 
affected by soil moisture, rainfall timing and their interaction. 
 The foregoing literature clearly reveals that Haemonchosis has cosmopolitan 
distribution with variable prevalence rate which was due to prevailing climatic 
conditions and the pasture contamination with infective larvae in the region. The 
availability of larvae and their survival on the pasture have been shown to be 
dependent upon temperature, soil moisture and rainfall. The effect of climatic factors 
on the prevalence of H. contortus has been carried out from different parts of India 
but no comprehensive work has been done so far in Aligarh on this parasite. 
Therefore, in the present study effect of various climatic factors on the prevalence of 
H. contortus in goats (Capra aegagrus hircus) was studied.  
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1.3: Materials and Methods 
Study area: The present study was carried out from January 2010 to December 2013 
in Aligarh district, located in the western part of Uttar Pradesh and is situated 
approximately 140 km south-east of the capital city, New Delhi. It lies between 
27°53′N, 78°05′E  and  27°88′N, 78°08′E coordinates, covering a total area of 3,747 
square km and having a population of  about 3.7 million (Anon, 2011 a; 2011 b). The 
total livestock population in Aligarh district is about 1.05 million, among which there 
are 153,453 cattle, 841,392 buffaloes, 11,841 sheeps, 172,196 goats and 25,711 pigs 
(Anon, 2013). These animals are slaughtered at separate slaughter houses managed by 
the Municipal Corporation. The common slaughter house for sheep and goats is about 
6 km away from the university campus. 
 
Climate: Aligarh has a monsoon-influenced climate typically that of sub-tropical 
humid type with three types of seasons, summer (March to June), rainy/ monsoon 
(July to October) and winter (November to February). The mean temperature, relative 
humidity and rainfall during different months and seasons are presented in Tables 
(1.1) and (1.2) respectively, which is based on the data collected from the 
Meteorological Centre, Department of Physics, Aligarh Muslim University, Aligarh. 
May and June are the hottest months in which maximum temperature was recorded up 
to 46°C. December and January are usually the coldest period where minimum 
temperature drops up to less than 2° C. Annual rainfall in Aligarh district was 
recorded as 899 mm out of which 83 % was received during the monsoon period. The 
relative humidity was comparatively low during summer and higher during rainy and 
winter seasons (Table 1.2). 
 
Sample collection and examination: In order to find out the prevalence of H. 
contortus in goats, the entire gastrointestinal tract of goats slaughtered at the Aligarh 
abattoir were collected twice a week, brought to the laboratory in separate plastic bags 
within an hour. All possible care was taken during transportation to avoid any leakage 
of gastrointestinal content. The abomasum was separated from GI tract, opened 
longitudinally and the content was collected in a large beaker. The mucosae were 
washed with Hanks balanced salt solution (HBSS) and washing was drained in the  
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Table 1.1: Mean temperature, relative humidity and rainfall during different 
months of the year in Aligarh city (2010-2013). 
 
Month 
Temperature 
(ºC) 
Rainfall 
(mm) 
Relative humidity 
(%) 
January 
12.8 
(1.4 - 26.5) 
10 
(0.1-16.2) 
71 
(49-98) 
February 
17.7 
(7.4 -31.5) 
30 
(1.6-27) 
74 
(36-98) 
March 
24.5 
(10 - 38.5) 
1 
(0.4-1.8) 
57 
(27-90) 
April 
29.8 
(18.2 - 43.8) 
11 
(0.1-12.6) 
39 
(15-78) 
May 
33.7 
(21 - 46.4) 
20 
(0.1-26.2) 
39 
(17-66) 
June 
34.7 
(27- 44.6) 
73 
(0.4-94.6) 
54 
(22-98) 
July 
30.1 
(25 - 38.6) 
285 
(1-103.6) 
79 
(46-98) 
August 
29.3 
(25 - 35) 
249 
(0.2-69.2) 
85 
(63-100) 
September 
28.7 
(23.4 - 36) 
198 
(0.1-122.6) 
75 
(61-98) 
October 
26.4 
( 16- 35) 
11 
(1.6-7.4) 
65 
(38-98) 
November 
21.1 
(10 - 32) 
5 
(0.2-11) 
69 
(42-94) 
December 
15.6 
(4 - 24) 
6 
(0.6-12.8) 
76 
(48-97) 
 
  Values are the mean of 4 years data (2010-2013). 
  Values in parenthesis represent the minimum and maximum range. 
  Source: Metrological Center, Department of Physics, A.M.U., Aligarh.   
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Table 1.2: Mean temperature, rainfall and relative humidity during different 
seasons of the year in Aligarh city (2010-2013). 
 
Seasons 
 
Months 
 Parameters  
Temp 
(⁰ C ) 
Relative Humidity 
(%) 
Rainfall 
(mm) 
 
Summer 
 
Mar-Jun 
30.67 
(10 - 46.4) 
47.25 
(15 - 90) 
104.65 
(0.1 - 94.6) 
Rainy July -Oct 
28.62 
(16 - 38) 
76 
(46-100) 
742.18 
(0.1-122.6) 
Winter Nov-Feb 
16.83 
(1.4 - 32) 
70.25 
(36-98) 
51.46 
(0.1 - 27) 
 
Values are the mean of 4 years data (2010-2013). 
Values in parenthesis represent the minimum and maximum range. 
Source: Metrological Center, Department of Physics, A.M.U., Aligarh.   
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same beaker and then carefully scraped to remove any adhering worms. If the worms 
were embedded in the mucosa they were removed with the help of forceps.  The entire 
washings from the abomasum were diluted with HBSS and examined for worms. H. 
contortus worms were separated, counted and recorded on monthly basis. The 
obtained data on H. contortus were used to calculate the prevalence, mean intensity 
and abundance (infection indices) according to the following formulae as given by 
Margolis et al. (1982). 
 
Prevalence (%):  Total number of individuals infected with a particular parasite species × 100 
                                                              Total number of host examined. 
 
Mean Intensity:            Total number of individuals of a particular parasite species 
                                        Total number of infected individuals of the host species. 
 
Abundance     :               Total number of individuals of a particular parasite species 
                                     Total number of the host species examined (infected + uninfected). 
 
Furthermore, in order to find out the variation in the infection indices of the parasite, 
the data were analyzed on the basis of months and seasons of the year using Microsoft 
excel (2010). 
 
Statistical analysis: Pearson’s correlation coefficient was calculated by using SPSS 
16 (SPSS Inc., USA) to assess the association between meteorological factors and 
infection indices throughout the year.  Chi Square analysis was used to find out the 
significant differences between prevalence values of different months, however, 
Fisher exact test was used to determine the significant differences between the 
prevalence in the different seasons of the year. Kruskal–Wallis test (nonparametric 
ANOVA) was performed to determine the significant differences between the values 
of mean intensity as well as abundance obtained during different months and seasons. 
p value ≤ 0.05 was considered as significant.The software used was Graph Pad Instat 
version 3.06, (Graph Pad Software, U.S.A). 
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1.4: Result 
 In order to investigate the prevalence of H. contortus in goats slaughtered at 
Aligarh abattoir, a survey was carried out from January 2010 to December 2013.  A 
total of 635 abomasa were examined among which 383 (60%) were found to be 
infected with H. contortus. The mean intensity and abundance was found as 354 and 
263 respectively (Table 1.3). Goats were found to be infected with H. contortus 
throughout the year but considerable variations were noticed in the rate of infection 
during different months. The prevalence was highest in the month of August (96.66%) 
followed by September (90.38 %) while the lowest infection was recorded in January 
(24.48 %) and February (31.81 %)  (Table1.3). The share of different months in the 
overall prevalence rate is shown in Fig. (1.1a). Statistical analysis by Chi square test 
revealed significant difference between the prevalence rate of all months (χ = 79.85,  
p < 0.001).  
 The prevalence data obtained during different months were analyzed on the 
basis of temperature, rainfall and humidity of that month and the obtained results are 
presented in Figs. (1.2 to 1.4).  It was observed that prevalence rate declines with the 
decrease of temperature from 29°C (August) to 10°C (January) and then slowly 
increases with the rise of temperature (Fig. 1.2). Comparatively high prevalence rate 
was recorded in those months in which the environmental temperature was in the 
range of 25 - 30°C. However, high temperature (27- 44.6°C) in June and low (1.4–
26.5°C) in January adversely affect the prevalence of H. contortus (Fig. 1.2).  
Prevalence was also found to be directly related with the rainfall which increased 
dramatically following heavy rainfall (285mm). The prevalence of H. contortus was 
found higher during monsoon period (July – October) when rainfall was more and 
then decreases with decline in rainfall Fig. (1.3). When rainfall was above 100 mm 
the prevalence crossed 50 % mark. Relative humidity was also found to be related 
with the prevalence. It was noticed that when the relative humidity was below 40 % 
(April and May) the prevalence was low, whereas in August when the humidity was 
very high (85%) the prevalence rate was found maximum (Fig. 1.4). Although 
humidity was high (71 - 74 %) in the month of January and February, prevalence was 
found very low which indicates that other factors like temperature and rainfall play a 
role in the prevalence. 
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Table 1.3: Prevalence, mean intensity and abundance of   Haemonchus contortus 
during different months of the year. 
Month Number of  
animals examined 
Number of 
infected animals Prevalence (%) 
Mean 
Intensity Abundance 
January 49 12 24.48 75 18 
February 44 14 31.81 88 28 
March 49 18 36.73 93 34 
April 50 20 40.00 128 51 
May 58 32 55.17 324 178 
June 58 26 44.82 264 118 
July 51 38 74.50 526 391 
August 60 58 96.66 786 759 
September 52 47 90.38 640 578 
October 50 43 86.00 588 505 
November 53 38 71.69 438 314 
December 61 37 60.65 306 185 
Total 635 383 60.31 354 263 
 
Values are the mean of  4 years data (2010-2013). 
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Variation in the mean intensity and abundance was also observed during 
different months. Highest values of these were found in August followed by 
September, while lowest values were recorded in January, February and March  
(Table 1.3, Fig. 1.1, b and c). Analysis of monthly data obtained on the intensity and 
abundance on the basis of temperature, rainfall and humidity of the month revealed 
that both intensity and abundance was positively correlated with these factors      
(Figs. 1.5-1.7). Mean intensity and abundance was found higher in those months 
which has moderate temperature (29°C), high rainfall and maximum relative 
humidity. However, the values of both of these infection indices decline in those 
months which had extreme temperature either very low (13°C) or very high (35°C). 
Mean intensity and abundance showed a declining trend following the start of the dry 
spell from November (Fig. 1.6). Statistical analysis of monthly data obtained for mean 
intensity and abundance by Kruskal-Wallis test, shows a highly significant difference 
in the mean intensity (KW = 45.24, p < 0.001) and abundance (KW = 46.13, p < 
0.001). 
Data obtained in the present study were also analyzed on the basis of seasons 
of the year. Highest prevalence (87.32 %) was recorded during rainy and lowest 
during summer season (44.85 %)  (Fig. 1.8, Table 1.4). Fisher exact test revealed 
significant differences in the prevalence of H. contortus between rainy-summer (p < 
0.001) and rainy-winter season (p < 0.001) but the difference between winter-summer 
(p > 0.05) was statistically insignificant. The mean intensity and abundance was 
found high during rainy season which had 60 % share in the total mean intensity and 
71 % in the total abundance (Fig. 1.8). In contrast, the mean intensity and abundance 
was recorded very low in summer (10 % and 5 % of the total values respectively) and 
winter (21 % and 17 % of the total values respectively) seasons (Table 1.4; Fig. 1.8).  
Comparison of mean intensity and abundance in relation to seasons was analysed by 
Kruskal-Wallis test. A highly significant difference in the mean intensity (KW= 
30.89, p < 0.001) and abundance (KW = 30.98, p < 0.001) between the seasons was 
observed. 
         Pearson’s correlation coefficient was calculated to assess the association 
between meteorological factors and infection indices throughout the year. This test 
revealed that prevalence, intensity and abundance were positively correlated with the 
temperature, rainfall and relative humidity (Table 1.5). However prevalence, mean 
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intensity and abundance were strongly related (r ≥ 0.6) to rainfall (p ≤ 0.05), whereas 
temperature and humidity had a weak relationship with the infection indices (r = 0.1 - 
0.5) which was statistically insignificant (Table 1.5). 
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Fig. 1.1: Share of prevalence (a), mean intensity (b) and abundance (c) of       
Haemonchus contortus in different months of the year. 
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Fig. 1.2: Effect of temperature on the prevalence of Haemonchus contortus in 
different months of the year. 
 
Fig. 1.3: Effect of rainfall on the prevalence of  Haemonchus contortus in 
different months of the year. 
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Fig. 1.4: Effect of relative humidity on the prevalence of Haemonchus contortus 
in different months of the year. 
 
 
Fig. 1.5: Effect of temperature on the mean intensity and abundance of     
Haemonchus contortus in different months of the year. 
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Fig. 1.6: Effect of  rainfall on the mean intensity and abundance of Haemonchus 
contortus in different months of the year. 
 
 
Fig. 1.7: Effect of relative humidity on the mean intensity and abundance of 
Haemonchus contortus in different months of the year. 
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Table 1.4:  Prevalence, mean intensity and abundance of Haemonchus contortus 
during different seasons of the year. 
Seasons Months 
Number of  
animals 
examined 
Number of 
infected 
animals 
Prevalence 
(%) 
Mean 
Intensity 
Abundance 
Summer Mar-Jun 215 96 44.85 202 95 
Rainy July -Oct 213 186 87.32 635 558 
Winter Nov-Feb 207 101 48.79 226 136 
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Fig. 1:8: Share of  prevalence  (a), mean intensity (b) and abundance (c) of  
Haemonchus contortus  in  different  seasons of the year .                                                 
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Table 1.5: Values of Pearson correlation coefficient of prevalence, mean intensity 
and abundance with respect to temperature, rainfall and relative 
humidity. 
Infection Indices 
Temperature 
(⁰C) 
Rainfall 
(mm) 
Relative Humidity 
(%) 
Prevalence 
0.371 
(0.235) 
0.617 
(0.033*) 
0.446 
(0.146) 
Mean intensity 
0.405 
(0.192) 
0.697 
(0.012*) 
0.486 
(0.109) 
Abundance 
0.343 
(0.274) 
0.700 
(0.011*) 
0.534 
(0.074) 
 
Figures in parentheses indicate p value. 
*p ≤ 0.05 is   considered as significant . 
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1.5: Discussion 
 The infection of H. contortus has been found quite prevalent in the goats of 
Aligarh region. About 60% goats were found to be infected with this parasite.  More 
or less similar results have also been reported from Kashmir valley (Tariq et al., 
2008), Jammu region (Khajuria et al., 2013) and Meghalaya (Bandyopadhyay et 
al., 2010). Contrary to our findings either very low (6- 36 %) or high (70- 96 %) 
prevalence of H. contortus have been reported from many parts of India (Sanyal and 
Gour, 1984; Prasad and Singh, 1982; Pathak and Pal, 2008; Prakash and Bano, 
2009; Mir et al., 2013; Balakrishnan et al., 2014; Sharma et al., 2009). The study 
conducted on the prevalence of H. contortus across the globe also showed differences 
in the prevalence rate which is shown in Table (1.6). Such variation in the prevalence 
rate may be due to differences in the sample size, prevailing agro-climatic conditions, 
nutritional status and availability of susceptible hosts. As it has been reported that age, 
breed, nutrition and physiological state of the host influences the incidence rate and 
severity of infection (Wadhawa et al., 2011; Roeber et al., 2013).  
 The prevalence of H. contortus showed a definite seasonal trend that 
corresponds with the rainfall pattern in the study area. Maximum prevalence mean 
intensity and abundance was recorded during rainy season while it was minimum 
during summer season. Similar results have also been reported from Rajasthan (Singh 
et al., 1997), Maharashtra (Shirale and Made, 2007; Sutar et al., 2010), Assam 
(Bulbul et al., 2015), and Tamil Nadu (Varadharajan and Vijayalakshmi, 2015). 
Higher values in rainy season may be due to more availability of infective larvae (L3) 
on the pasture from which the animals acquire infection. It may be possible that 
moderate temperature and high humidity during monsoon period is more suitable for 
the development and survivals of infective larvae of H. contortus, as a result pasture 
become more contaminated. Therefore, more animals can acquire infection while 
grazing, leading to a gradual build-up of adult worm populations. Thereafter, 
prevalence and mean intensity decline with the lowest numbers being encountered in 
the dry season. In earlier studies, it has been suggested that rainy season is more 
favorable for the development and survival of pre-parasitic stages (Sanyal 1989 a; 
Singh et al., 1997, Jithendran and Bhat, 1999; Lateef et al., 2005).  Rainfall may 
also help in the dispersion of larvae on pasture and thereby increases the chances of 
host’s contact with infective larvae (Katoch, 1998; Santos et al., 2012).  Soulsby 
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(1966) suggested that high rainfall during monsoon season provides suitable molarity 
of salts in the soil which enhance ecdysis by which development of  L3 from L1  takes 
place easily. It is an established fact that the maximum herbage growth occurs during 
rainy season, which may favor the survival and migration of larvae. Sanyal (1989b) 
studied the bionomics of pre-parasitic stages of ovine strongyle in faeces and on 
pasture and found that when there was sufficient rainfall, larvae were found to migrate 
vertically up to 15 cm and laterally up to 50 cm as compared to only 5 cm and 20cm, 
respectively during non-rainy season. He further stated that infective larvae survive on 
pasture for more than 11 weeks in rainy season. Agyei and Amponsah (2001) and 
Silva et al. (2008) reported that significant positive relationship exists between the 
level of infective larvae on herbage and rainfall.  
 The prevalence rate in summer and winter was found comparatively low than 
rainy season, indicating that these seasons are not conducive for the development of 
the infective larvae. The possibility of low infection during summer and winter may 
be due to availability of less number of infective larvae (L3) on pasture. O`Connor et 
al. (2006) reported highest level of pasture contamination with free-living infective 
larvae (L3) during rainy season, while lower contamination was found during dry 
season. During dry season the availability of grass cover is reduced on the grazing 
pasture by which the eggs/larvae are exposed to desiccation, which either causes high 
mortality of larvae or they migrate deep into the soil (Vlassoff, 1982; Urquhart et 
al., 1996; Ng`ang`a et al., 2004). Urquhart et al. (1996) further reported that the 
development of eggs become slow at low temperature and below 10 °C the 
development of L3 from eggs is stopped. The low prevalence and intensity in January 
and February could be explained in the light of above suggestions. The infection 
observed during winter and summer seasons may be due to persistence of old 
infection acquired by animals during rainy season. Because of non-availability of 
infective stages during summer and winter, animals cannot acquire new infection in 
these seasons. Nwosu et al. (2007) reported that the H. contortus infection can be 
carried over from one season to another within the host.  
  Based upon the present findings, it can be suggested that 25-30 ºC 
temperature, 75-85% relative humidity and above 50 mm rainfall is more suitable for 
the maximum rate of infection and intensity. These values of various factors may be 
more suitable for the survival and development of infective larvae as suggested by 
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Nahar et al. (2015) where temperature (29.8 ºC), rainfall (146 mm) and  humidity 
(86%) have been reported as optimum condition for larval development. O`Connor et 
al. (2006) reported that the development of eggs to infective larvae of  H. contortus 
occur at 23-36 °C temperature and 70% relative humidity. 
  It can be summarized from the present study that H. contortus infections in 
goats in Aligarh region, North India, showed a well-defined seasonal pattern and the 
wet seasons are more favourable for H. contortus transmission in goat flocks. Rainfall 
seems to be the major limiting factor on the prevalence and worm burden as compared 
to temperature and humidity. The present findings may be used as a baseline data for 
developing an epidemiologically based control strategies for H. contortus in this 
region and may be helpful to stop indiscriminate anthelmintic therapy. In the present 
study the effect of climatic factors on the survival of eggs / larvae was not studied, 
therefore, further studies are required on this line in order to confirm the given 
assumptions. 
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Table 1.6:  Prevalence of Haemonchus contortus in different countries across the 
globe. 
 
Country Prevalence (%) Reference 
Taiwan 17.30 Hsiang et al. (1990) 
Saudi Arabia 47.90 El –Azazy (1995) 
U.S.A 77.00 Miller et al. (1998) 
Spain 84.00 Uriarte et al. (2003) 
Kenya 28.00 Ng’ang’a et al.(2004) 
Mexico 32.00 Hernandez et al. (2007) 
Pakistan 80.64 Asif et al. (2008) 
Sri Lanka 81.00 Rajapakse et al. (2008) 
Pakistan 24.60 Al-Shaibani et al. (2008) 
Nigeria 55.56 Attindehou et al. (2012) 
Ethiopia 77.38 Emiru et al. (2013) 
Iran 77.20 Garedaghi and Bahavarnia (2013) 
Tunisia 33.60 Akkari et al. (2013) 
Ethiopia 26.80 Mesele et al. (2014) 
Malaysia 58.60 Tan et al. (2014) 
Ethiopia 40.90 Gebresilassie and Tadele (2015) 
Bangladesh 57.80 Nahar et al. (2015) 
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2.1: Introduction 
The gut parasites induce many functional disturbances in the host body 
including metabolic changes, retardation of growth, weight loss, haematological 
changes and increased susceptibility to a variety of stress resulting alteration in 
behaviours (reviewed by Khan et al., 2015). They induce decreased digestibility of 
food and appetite as well as diversion of nutrients from production sites toward the 
repair of tissue-damage, which leads to disturbances in the hematological, 
biochemical and antioxidant parameters of the host (Sykes, 1994; Hoste et al., 2001, 
2005; Kyriazakis and Houdijk, 2006; Cardia et al., 2011). The magnitude of all 
structural and functional changes is generally related to the intensity of infection. 
Serum biochemistry of infected animals has been correlated with the degree of 
damage and the severity of the infection (Esmaeilnejad et al., 2012). Among clinical 
manifestations, hematological parameters provide an excellent tool for the judgment 
of nature of diseases, extent of tissue damage, response of defense mechanism and for 
diagnosis of infection (Albers et al., 1990). Total red blood cells count, Total 
leucocytes count (TLC), mean corpuscular volume (MCV), mean corpuscular 
haemoglobin (MCH) and mean corpuscular haemoglobin concentration (MCHC) are 
considered as  valuable parameters in monitoring toxicity and provide details about 
the health status of animals (Oyawoye and Ogunkunle, 1998; 2004).  
During the establishment of parasites in their microhabitat, chains of dynamic 
interactions take place at host parasite interface. Host reacts against parasites by a 
number of ways including the production of reactive oxygen species (ROS) such as 
hydroxyl radical, per oxyl radical, superoxide anion, and hydrogen peroxide, which 
are highly reactive and toxic. The ROS are generated during normal aerobic 
metabolism as well as by activated leukocytes via oxidative burst (Callahan et al., 
1988; Valko et al., 2007; Chiumiento and Bruschi, 2009). Production of ROS by 
immune effector cells increases considerably due to parasitic infections, which are 
thought to play a role in killing or expulsion of parasites from their host and thereby 
prevent the establishment of infection (Callahan et al., 1988; Smith and Bryant, 
1989; Batra et al., 1993; Ben-Smith et al., 2002). Increased production of ROS has 
also been entangled with protective immunity against parasitic infections (Ben-Smith 
et al., 2002; Amri et al., 2007). Oxidative stresses develop due to imbalance between 
the generation and removal of ROS within the organism, which causes  oxidative 
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damage to all major classes of biomolecules (proteins, lipids, polysaccharides and 
nucleic acid) leading to protein oxidation, lipid peroxidation DNA modification / 
strand breakage and depolymerization of polysaccharides (Southern and Powis 
1988; Chiumiento and Bruschi, 2009). The biological effects of ROS on these 
intracellular targets depend on the concentration of ROS (Weydert and Cullen, 
2010). Such damage may either be due to depletion of antioxidant defense or increase 
in ROS production, or both (Halliwell and Gutteridge, 2007; Halliwell, 2006).  
A number of analytical techniques are available to measure the oxidation 
products directly e.g. carbonyl assay for oxidized proteins or the resultant degradation 
products and malondialdehyde for lipid per oxidation. These oxidation products are 
being used as biomarkers to monitor the irreversible consequences of oxidative stress 
in animal. In the case of proteins, powerful oxidizing agents such as the hydroxyl 
radical directly modify amino acid side-chains, resulting in a diverse array of altered 
amino acids that are used to assess oxidative damage (Stadtman, 1993). Among the 
most widespread of these modifications, and one that is considered specific for 
oxidative damage, is the generation of free carbonyls that are not present on 
nonoxidized proteins (Levine et al., 1994). 2,4-Dinitrophenylhydrazine (DNPH) 
reacts with free carbonyls and therefore can serve as a marker for the extent of 
oxidative damage to a given protein (Szweda et al., 1993). Lipids especially 
polyunsaturated fatty acids (PUFA) are sensitive to oxidation, leading to the term 
lipid peroxidation or the thiobarbituric acid reactive substances (TBARS), of which 
malondialdehyde (MDA) is the most abundant. Determination of MDA allows 
detection of the degree of lipid peroxidation and the level of free oxygen radicals 
indirectly (Deger et al., 2009). 
The cells contain a variety of antioxidant mechanisms that play a central role 
in the protection against reactive oxygen species (Halliwell, 1991). Antioxidants are 
substances that delay, prevent or remove oxidative damage to target molecules 
(Halliwell and Gutteridege, 2007). The antioxidant system consists of a number of 
antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT), 
glutathione peroxidase (GPx), glutathione reductase (GR) and glutathione –S- 
transferase (GST) and non-enzymatic substances like metal-binding proteins 
(transferrin, ceruloplasmin, and albumin), vitamins (alpha-tocopherol, ascorbate, and 
beta-carotene), and trace elements (iron, copper and zinc) (Halliwell, 1994; 1995). 
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The increased oxidative stress during parasitic infection increases protein 
oxidation and lipid peroxidation, which plays a pivotal role in pathogenesis in animals 
(Sanchez-Campos et al., 1999; Saleh, 2008; Saleh, 2009; Dimri et al., 2010). Thus, 
the level of reactive oxygen species (ROS) in the cells can give us an inside view of 
the pathology caused by the parasites. No serious attempt has been made to study the 
serum and abomasal tissue biochemistry of Haemonchus contortus infected goats. In 
order to determine if the parasite infection may be associated with damage to the host, 
we have investigated various haematological, biochemical and oxidative stress 
parameters. 
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2.2: Historical Review  
Pathogenicity often results due to, mechanical damage caused by attachment 
organs, withdrawal of substances, blood loss, alteration in host metabolism, atrophy 
or hypertrophy of the tissue, obstruction of excretory ducts, and liberation of toxic 
metabolites. Such changes lead to the functional disturbances, whose severity depends 
on the location and degree of infection (Esmaeilnejad et al., 2012).  The ability of 
different organs to compensate the loss of functional tissue varies considerably. For 
example, the functional reserve in the liver is so large that dysfunction is evident only 
after the loss of 60-70 % of the tissue (Jubb and Kennedy, 1970). The compensatory 
ability of the gastrointestinal tract has also been reported due to parasitic infection. 
Symons et al. (1971) have reported that the infected portion of the jejunum with 
Nippostrongylus brasiliensis show malabsorption, which was compensated by the 
adjoining uninfected area (ileum) of the intestine. On the other hand, those organs 
with a limited functional reserve such as lungs have a lower tolerance and functional 
dysfunction appears early. Pathological changes have also been reported from those 
organs which had not in contact with parasite (Pappas, 1976; de Oliveira et al., 
2013).  It has been suggested that such changes were initiated due to toxins produced 
by the parasite (Mayers and Pappas, 1976). A general type of reaction due to 
gastrointestinal parasites is the inflammatory responses in the vicinity of the parasite 
with loss of functional cells have been reported by Nielson (1982). Differences in the 
ability of animals to cope with parasitic infection depend on the severity of infection 
and nutritional status of the host (Coop and Kyriazakis, 1999; 2001).  
A variety of pathological changes has been reported due to gastrointestinal 
nematodes infection (Hoste et al., 1990; Simpson et al., 1997; Fox, 1997; Khan et 
al. 2001; Hutchinson, 2009; Hasnain et al., 2010; Taylor et al., 2010; Othman et 
al., 2016). These changes include nodule formation, hyperplasia of mucous cell, 
superficial epithelial damage, reduction in acid secretion, increased serum gastrin and 
pepsinogen concentrations. In addition, they are also responsible for anaemia, 
emaciation, abdominal pain, weight loss, hypoalbuminaemia and diarrhoea 
particularly in heavily infected animals and thereby causes production loss in 
ruminants world-wide (Hasnain et al., 2010; Cardia et al., 2011; Saminathan et al., 
2015; Dever et al., 2016).  Many workers have comprehensively reviewed the 
metabolic changes due to parasitic infection in animals (Holmes, 1987; Coop and 
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Holmes, 1996; Van Houtert and Sykes, 1996; Fox, 1997; Simpson, 2000; Sykes, 
2000). A number of metabolic consequences such as anorexia, protein loss across the 
gut through epithelial cell, and leakage of plasma protein have been reported due to 
gastrointestinal parasites in sheep and cattle (Parkins and Holmes, 1989; Fox, 1993; 
Coop and Kyriazakis, 1999; Cantacessi et al., 2010). By radio isotope studies, 
Parkins et al. (1990) reported marked disturbances in digestive efficiency, nitrogen 
retention and protein metabolism with considerable loss of plasma protein in infected 
calves with Ostertegia ostertegia and Cooperia oncophora.  Gastrointestinal 
nematode infections also cause changes in gut motility.  Marked disturbances in the 
motility of GI tract have  been reported in sheep, infected with Trichostrongylus  axei 
and H. contortus   which were correlated with alteration in the  levels of  circulating 
gastrointestinal hormones (Bueno et al., 1975; 1982; Gregory, 1985),.  
The available literature revealed that a number of studies have been carried out 
on the pathophysiological changes and oxidative stress caused by many helminth 
parasite (Siemieniuk et al., 2008; Gaherwal et al., 2012; Egbu et al., 2013;  Radfar 
et al., 2014; Othman et al., 2016). However, only few studies are available on the 
biochemical changes in the infected sera and tissue of H.contortus. Khalaf (2013) 
reported decrease in blood urea and glucose due to hydatid infection in mice.  Kumar 
and Joshi (1993) reported significant increase in globulin, bilirubin, cholesterol, uric 
acid, and urea while, significant decrease in albumin and albumin/globulin ratio in 
experimentally infected rabbit sera with Setaria cervi. Parsani et al. (2011) studied 
the haematobiochemical alteration in donkey infected with helminth and reported a 
significant decline in glucose, calcium, albumin and total protein level  where as a 
significant increase in creatinine and cholesterol levels. Manga-Gonzalez et al. 
(2004) reported increase in the level of glucose, protein and albumin, aspartate 
aminotransferase (AST), alanine aminotransferase (ALT) in lambs infected with 
Dicrocoelium dendriticum as compared to non-infected animals. Similarly, Deger et 
al. (2008) also reported higher level of ALT, AST, GPx and malondialdehyde 
(MDA), while decrease level of SOD, CAT, GSH and vitamin C in the liver of 
naturally infected sheep with D. dendriticum and Fasciola hepatica as compared to 
control. Kolodziejczyk et al. (2005) reported significant decrease in the level of 
various antioxidant enzymes like SOD, GPx and GR as well as in reduced glutathione 
with enhancement of lipid peroxidation in the experimentally infected rat liver with F. 
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hepatica. In addition to this, they also found elevated level of ALT and AST. 
Siemieniuk et al. (2008) studied the oxidative modifications of rat liver cell due to F. 
hepatica infection and reported significant increase in protein oxidation and lipid 
peroxidation. Mbuh and Mbwaye (2005) reported significant difference in the level 
of cholesterol, triglyceride, urea, total proteins, albumin and minerals like potassium, 
chlorine, sodium, calcium in sera of infected goats with F. hepatica when compared 
with uninfected controls.  
 During parasitic infection, host reacts to the presence of the parasites using 
potentially destructive factors, such as free radicals, which damage the parasite. The 
production of ROS increases during parasitic infections which play an important role 
in providing defense against parasite (Callahan et al., 1988; Smith and Bryant, 
1986, 1989; Batra et al., 1993; Ben – Smith et al., 2002). Nevertheless, when 
generated at high levels or when there is an imbalance between generation and 
removal of reactive oxygen species, they cause oxidative stress. Oxidative stresses 
have been shown to increase protein oxidation and lipid peroxidation, DNA 
modification/strand break and depolymerization of polysaccharides (Southern and 
Powis 1988; Chiumiento and Bruschi, 2009). Many workers have analyzed 
antioxidant enzymes and oxidative stress in the tissue and sera of infected animals 
with different helminth parasites (Siemieniuk et al., 2008; Łuszczak et al., 2011; 
Heidarpour et al., 2012; de Oliveira et al., 2013; Othman et al., 2016), but only 
few studies are available on H. contortus (Machado et al., 2014; Pivoto et al., 2015).  
Alterations  in antioxidant enzymes and oxidative damage have been reported due to 
many helminth parasites like, F. hepatica (Kolodziejczyk et al., 2005; 
Kolodziejczyk et al., 2006; Siemieniuk et al., 2008), Trichiniella spiralis (Othman 
et al., 2016);   Taenia saginata (Łuszczak et al., 2011),  Echinococcus granulosus  
(Heidarpour et al., 2012; 2013 a,b) and Schistosoma mansoni (de Oliveira et al., 
2013). Most of the above-mentioned studies have been carried out on the 
experimental animals, but it is debatable that, if experimental model animals can be 
used for pathological studies due to the difference in response of the host.  Based 
upon the pathological responses in sheep and rabbit infected with F. hepatica, Le 
Bars and Banting (1976) suggested that rabbits cannot be used as a model for the 
study of pathological effects.  
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In addition to changes in pathological marker enzymes, haematological 
changes have also been reported due to parasitic infections. Egbu et al. (2013) 
reported marked reduction in PCV, Hb and RBC count, while increase in the number 
of  neutrophils, eosinophils, monocytes and lymphocytes with increase in worm 
burden  due to bovine fascioliasis.  Saleh (2008) reported decrease in RBC (38%), 
haemoglobin (49%), PCV (42%) and glutathione (31.6%) and increase in 
malondialdehyde (141.1%) in naturally infected sheep with F. hepatica as compared 
to non-infected animals. Gaherwal et al. (2012) reported a decrease in Hb, RBC and 
serum protein in mice infected with Aspiculuris tetraptera. Significant decrease in 
RBC count, Hb and PCV while, increase in WBC count, AST, ALT and alkaline 
phosphatase (ALP) levels have been reported due to  Cysticercus tenuicolla infection 
in  sheep (Bamorovat et al., 2014) and goats (Radfar et al., 2014) as well as due to   
Trichinella spiralis infection in pigs (Ribicich et al., 2007). Younus et al. (2016) 
reported that sheep infected with E. granulosis had a decreased level of RBC, PCV 
and MCH and increased level in WBC, MCV and MCHC. Significant decrease in the 
level of serum protein, Hb, PCV and RBC count while, increase in serum enzymes 
like ALP, ALT and AST levels have been reported in experimentally infected host 
with H. contortus as compared to non-infected (Howlader et al., 1996;   Sharma et 
al., 2001; Leal et al., 2011; Bordoloi et al., 2012; Hosseini et al., 2012; Qamar and 
Maqbool, 2012). Many workers have reported increased number of eosinophils, 
neutrophils and mast cells and lower  lymphocyte counts, in experimentally infected  
sheep (Hosseini et al., 2012; Ortolani et al., 2013)  and goats  (Kelkele et al., 2012) 
with H. contortus. 
Thus, the literature survey indicates that only few detailed studies are available 
on Haemonchus as compared to other helminthes. Most of the pathophysiological and 
haematological studies have been carried out on sheep and only few scattered 
information are available on goat and the degree of infection was not taken into 
consideration. Moreover, it has been reported that the immune and pathological 
responses are different in sheep and goats (Hoste et al., 2008). Therefore, in the 
present study haematological and biochemical changes and alteration in the 
pathophysiological and antioxidant enzymes in the sera of naturally infected goats 
were studied. The oxidative stress and alteration in the pathophysiological and 
antioxidant enzymes were also observed in the abomasal tissue. In addition, the 
interrelation of these changes with different parasite burden was also evaluated. Such 
information will provide an indication of the oxidative response of infected animals 
and give additional insight regarding the pathogenesis of the disease. 
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2.3: Materials and Methods 
I. Collection and preparation of Samples: Blood as well as gastrointestinal 
tracts (GI) were collected from goats (Capra aegagrus hircus), slaughtered at the 
local abattoir (Aligarh, India), labeled individually by putting number and brought to 
the laboratory. Blood was taken directly into sterile vials with and without 
anticoagulant (EDTA), and kept at room temperature for 4 h.  After collection, the GI 
tracts were examined for the presence of H. contortus and on that basis the blood 
samples were separated as infected and non-infected. Based upon the number of 
worms present in each host, the infection was categorized as low (<100 worms), mild 
(100-500 worms) and heavy (>500 worms). Thus, the host’s tissue and blood used in 
the present study were from these three types of infected goat.  Sera were separated 
from the coagulated blood, following centrifugation at 4000 xg for 10 min in a micro 
tabletop refrigerated centrifuge (Hitachi, Japan) and stored at -20 ºC in the form of 
aliquots until use.  The collected sera from infected and non-infected goats were used 
for the estimation of various biochemical components and enzymes, while non-
coagulated blood samples were used for haematological studies.  
Besides this, the abomasums were also used to determine the oxidative stress, 
and for the estimation of various enzymes. For this study, small pieces of infected ( 
low, mild and  heavy) and non-infected host’s tissue were washed several times with 
Hanks’ balanced salt solution (HBSS) premaintained at 37 ±  2 ºC to remove debris, 
blotted on filter paper and homogenized separately in a Potter Elvehjm homogenizer 
in 0.1M ice cold phosphate buffer (pH 7.4). The homogenate were sonicated 
(Ultrasonic processor-5mm probe) on an ice bath for 3x1 min with 30 s interval and 
then centrifuged at 9000 xg  for 15 min at 4ºC . After centrifugation, supernatants 
were collected and stored at -20 ºC in the form of aliquot, and were used   for the 
estimation of antioxidant and pathological marker enzymes, oxidative stress and 
protein polymorphism.  
 In the present study only the blood and host’s tissue from those animals were 
analyzed, which had only H. contortus infection. However, the samples of those 
animals, which had either mono or concurrent infections of other helminths were 
discarded and the protozoan and bacterial infections were ignored both in control and 
experimental samples, which may nullify their effect.  
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II. Analysis of Biochemical components in sera:  In order  to find out the effect 
of H. contortus on goats, various biochemical components like glucose, cholesterol,  
protein, albumin, calcium, urea, uric acid, and creatinine, were analyzed in the 
infected and non-infected goat’s sera, by using KEE GAD Biogen diagnostic kit (New 
Delhi, India). Protocols were followed as given in the company manuals for each 
component and absorbance was recorded in UV/Vis Spectrophotometer (Systronics, 
India). Various ions like Na+ and K + were measured in the ion analyzer (Eschweiler 
combisys II, Biorad U.K). 
(a) Serum glucose: The assay of glucose is based on the method of GOD-POD of 
Trinder (1969). Glucose is oxidized by glucose oxidase (GOD) to produce gluconate 
and hydrogen peroxide. The hydrogen peroxide is then coupled with 4 amino- 
antipyrene and phenol in the presence of peroxidase (POD) to yield a red quinoeimine 
dye that is measured at 505 nm. The absorbance is proportional to the concentration 
of glucose in the sample. Reagents used for the estimation of glucose consisted of 
reagent 1, containing 100 mM phosphate buffer, glucose oxidase (7000 U/l), 
peroxidase (6700 U/l), 4-aminoantipyrine (0.7 mM/l) and phenol (0.1mM/l), and 
reagent 2 contains glucose standard (100 mg/100ml).  
Procedure: For estimation of glucose, 1ml of reagent 1 was mixed with 0.01 ml sera 
sample whereas, in the blank 0.01 ml distilled water was added in place of sera. The 
standard was also run simultaneously which had 1 ml working enzyme reagent and 
0.01 ml standard glucose. All test tubes were incubated at 37 ºC for 10 min. The 
absorbance was recorded at 505 nm against blank. The amount of glucose was 
calculated by the following formula: 
 
 
Glucose (mg/100 ml)    =    Absorbance of sample   x 100 
                                        Absorbance of standard  
 
(b) Serum cholesterol:  Serum cholesterol estimation is based on the modified 
method of Allain et al. (1978). The reagent used for cholesterol estimation contains 
cholesterol esterase and cholesterol oxidase. Cholesterol esters are hydrolyzed by 
cholesterol esterase (CE) to free cholesterol and free fatty acids. All free cholesterol 
then oxidized by cholesterol oxidase (CO) to produce cholest-4-en-3-one and 
hydrogen peroxide. The hydrogen peroxide oxidatively couples with 4-
aminoantipyrine and phenol in the presence of peroxidase (POD) to yield 
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Quinoneimine dye (Chromophore), which was measured at 505 nm. Following 
reagents were used for the estimation of cholesterol.  
(i) Reagent 1: It contains cholesterol oxidase (0.1 U/ml), cholesterol esterase (0.15 
U/ml), peroxidase (0.5 U/ml) and 4-Amino antipyrine (0.5 mM/l).  
(ii) Reagent 2:  Cholesterol standard - 200 mg/100ml 
Procedure: For estimation of cholesterol, 1ml reagent 1 was taken in each test tube 
including blank and test sample. In test sample, 0.01 ml sera were added whereas, in 
blank, 0.01 ml distilled water was added in place of sera. The standard was also run 
simultaneously containing 1 ml working enzyme solution and 0.01 ml standard 
cholesterol. All test tubes were incubated at 37 ºC for 10 min. The absorbance was 
read at 505 nm against blank. The amount of cholesterol was calculated by the 
following formula: 
 
 
Cholesterol (mg/100 ml)    =   Absorbance of sample  x 200 
                                                Absorbance of standard  
(c) Serum Proteins: The assay of serum proteins is based on the Biuret method of 
Gornall et al. (1949). Proteins interact with cupric ions in alkaline solution to 
produce purple colour, which was measured at 546 nm. Following reagents were used 
for the estimation of protein. Reagent 1 contains sodium hydroxide (100 mM/l), 
potassiuim- sodium tartrate (16 mM/l) and copper sulphate (6 mM/l) while, reagent 2 
contains protein standard (6 gm/100 ml). 
Procedure: For protein estimation, 1ml reagent was mixed with 0.02 ml sera 
whereas; in the blank 0.02 ml distilled water was added in place of sera. The standard 
was also run simultaneously which had 1 ml working enzyme reagent and 0.02 ml 
standard protein. All test tubes were incubated at 37 ºC for 5 min. The absorbance was 
recorded at 546 nm against blank. The amount of protein was calculated by the 
following formula: 
 
Total protein (g/100 ml)    =      Absorbance of sample    x 6 
                                                   Absorbance of standard  
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(d) Serum Albumin:  The albumin was assayed by the Bromo cresol green method of 
Doumas (1971). In the assay mixture, the albumin binds with the Bromocresol green 
(BCG) in acidic medium to produce intense blue coloured complex, which was read at 
620 nm. The amount of colour produced is proportional to albumin concentration. 
Two reagents were used for the estimation of albumin; reagent 1, contains 
bromocresol green (0.15 mM/l) and succinate buffer (75 mM/l), pH (4.3) while 
reagent 2 is albumin standard (3 g/100 ml). 
Procedure: For estimation of albumin, 1ml of reagent 1 was mixed with 0.01 ml sera 
sample whereas, in blank, 0.01 ml distilled water was added in place of sera. The 
standard was also run simultaneously which had 1 ml working enzyme reagent and 
0.01 ml standard albumin. All test tubes were mixed well and then incubated at room 
temperature for 5 min. The absorbance was recorded at 620 nm and the amount of 
albumin was calculated by the following formula: 
 
Albumin (g/100 ml)    =   Absorbance of sample    x  3 
                                        Absorbance of standard  
 
(e) Serum globulins: The amount of globulin was calculated by subtracting the 
albumin concentration from the total proteins as described by Busher (1990).  
(f) Serum calcium: The assay of calcium is based on the O-cresolphthalein 
complexone method of Moorehead and Briggs (1974). Calcium combines with o-
cresolphthalein complexone in alkaline medium to form a purple coloured complex, 
which was measured at 578 nm. Following reagents were used for the estimation of 
calcium. 
(i)  Reagent 1: 2-Amino-2-methyl-1-propanol (680 mM/l). 
(ii) Reagent 2: O-cresolpthalene (0.157 mM/l) and 8-hydroxyquinoline (6.9 mM/l). 
(iii) Reagent 3: Hydrochloric acid (0.1 M)  
(iv) Reagent 4: Calcium standard (8 mg/100ml). 
Procedure: Working solution was prepared by mixing equal volume of reagent 1 and 
2. Before pipetting, each test tube washed with the washing solution (reagent 3) and 
then rinsed with distilled water. The assay mixture contains, 1ml working solution and 
0.02 ml sera sample whereas, in blank, 0.02 ml distilled water was added in place of 
sera. The standard was also run simultaneously which had 1 ml working enzyme 
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reagent and 0.02 ml standard calcium. All test tubes were incubated at room 
temperature for 5 min. The absorbance was recorded at 578 nm against blank and the 
amount of calcium was calculated by the following formula: 
Calcium (mg/100ml)    =   Absorbance of Sample     x 8 
                                           Absorbance of Standard  
 
(g) Serum Urea: The urea assay was performed by urease-glutamate dehydrogenase 
method of Sampson and Baird (1979). In this method, urea is hydrolysed 
enzymatically by urease to yield ammonia and CO2. The generated ammonia then 
combines with α-oxoglutarate to form glutamate by the reaction, catalysed by L-
glutamate dehydrogenase (GLDH) in presence of NADH. Two molecules of NADH 
are oxidized for each molecule of urea hydrolysed. The rate of change in absorbance 
due to the disappearance of NADH is recorded at 340 nm, which is directly 
proportional to the urea concentration in the sample. Following reagents were used for 
the estimation of urea.  
Reagent 1: It contains Tris buffer (120 mM/l), α-Ketoglutarate (9 mM/l), Urease 
(6000 U/l) and Glutamate dehydrogenase (1000 U/l). 
Reagent 2:  It contains Tris buffer (10 mM) and NADH (0.25 mM/l). 
Reagent 3:  It is urea standard (50 mg/100ml). 
Procedure: The working solution was prepared by mixing four volumes of reagent 1 
with one volume of reagent 2. The working solution was pre-warmed at 37 ºC for 2 
min before use.  For estimation of urea, 1ml working solution was taken in each test 
tube including blank. In test sample, 0.01 ml sera was added whereas, in blank 0.01 
ml distilled water was added in place of sera. The standard was also run 
simultaneously which had 1 ml working enzyme reagent and 0.01 ml standard urea. 
All test tubes were mixed well and the initial absorbance A1 was recorded after 
exactly 30 s of mixing whereas, final absorbance A2 was recorded after 90 s. The 
amount of urea was calculated by the following formula.  
ΔA = A2 – A1  
 
Urea (mg/100ml)    =  Change in absorbance of sample (ΔA)    x 50  
                                   Change in absorbance of standard (ΔA) 
 
(h) Serum uric acid: The assay of uric acid is based on the uricase- peroxidase 
method of Chernecky and Berger (2004). In the reaction mixture, uric acid is 
converted into allantoin and hydrogen peroxide by uricase. The hydrogen peroxide 
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oxidizes the reaction product of 4-aminoantipyrine with 3,5-dichloro-2- 
hydroxybenzene sulfonic acid) in the presence of a peroxidase to form a Quinoeimine 
(red colour) dye complex, which was measured at 505 nm. Reagents used for the 
estimation of uric acid are given below.  
Reagent 1: It contains Peroxidase (100U/l), Uricase (100U/l), Ascorbate Oxidase  
(100U/l) and  4-Amino Antipyrine (0.5 mM/l).  
Reagent 2: It is uric acid standard (6 mg/100ml) 
Procedure: For the estimation of uric acid, 1ml of reagent 1 was added in each test 
tube including blank and test sample. In test sample 0.025 ml sera sample was added 
whereas, in blank 0.025 ml distilled water was added in place of sera. The standard 
was also run simultaneously which had 1 ml of working enzyme reagent and 0.025 ml 
standard uric acid. All test tubes were incubated at 37 ºC for 5 min. The absorbance 
was read at 505 nm against blank. The amount of uric acid was calculated by the 
following formula 
 Uric acid (mg/100ml)    =   Absorbance of sample    x 6 
                                             Absorbance of standard  
 
(i) Serum creatinine: The assay method of Serum creatinine was essentially the same 
as described by Lamb et al. (2006). Creatinine reacts with picric acid in alkaline 
medium to form creatinine picrate, a yellow orange colour complex, which was 
measured at 492 nm. Intensity of the colour formed during the fixed time is directly 
proportional to the amount of creatinine present in the sample. Following reagents 
were used for the estimation of creatinine. 
Reagent 1: Picric Acid (9 mM/l). 
Reagent 2: Sodium hydroxide (400 mM/l) and EDTA sodium salt (12.5 mM/l). 
Reagent 3: It contains creatinine standard (2 mg /100 ml). 
Procedure: Working solution was prepared by mixing reagent 1 and reagent 2 in 
equal volume and then it was  pre-warmed  at 37 ºC for 2 min. For estimation of 
creatinine, 1ml working solution was taken in each test tube including standard and 
test sample. In test sample, 0.1 ml sera were added whereas, in standard, 0.1 ml 
reagent 3 was added in place of sera. All test tubes were mixed well and the initial 
absorbance A1 was recorded after exactly 30 s. whereas, final absorbance A2 was 
recorded after 90 s. The amount of creatinine was calculated by the following 
formula. 
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ΔA = A2 – A1 
Creatinine (mg/100ml) =    Change in absorbance of sample x 2 
                                             Change in absorbance of standard  
 
 (III) Analysis of antioxidant enzymes: The level of antioxidant enzymes such as 
superoxide dismutase (SOD), catalase (CAT), glutathione–S-transferase (GST), 
glutathione peroxidase (GPx) and glutathione reductase (GR) was estimated in both 
sera and tissues from infected and non-infected animals. The activity of these 
enzymes was measured by standard spectrophotometric methods as described below.  
(a) Superoxide Dismutase (EC 1.15.1.1): The activity of superoxide dismutase 
(SOD) was analyzed spectrophotometrically according to methods of Marklund and 
Marklund (1974) with minor modifications.  
Principle: The principle depends upon autooxidation of pyrogallol as shown in the  
following equation. 
Pyrogallol + O2   Autoxidation     Oxidation product + O2 
2O2- + 2H+                  SOD                       H2O2 +O2  
Reagents: (i) 50 mM Tris cacodylate buffer (pH 8.5) containing 1mM Diethylene-
triaminepentaacetic acid (DTPA) and 1 mM EDTA. 
(ii) 0.13 mM pyrogallol solution. 
Procedure: A total of 0.05 ml sample solution was added to 2.85 ml of 50 mM Tris-
cacodylate buffer (pH 8.5), containing 1mM Diethylene-triaminepentaacetic acid 
(DTPA) and 1 mM EDTA, thoroughly mixed and incubated at 25ºC for 10 min. After 
incubation, the reaction was initiated by the addition of 0.1ml of freshly prepared 2.6 
mM pyrogallol solution to attain a final concentration of 0.13 mM in the assay 
mixture. The assay mixture was transferred in to 3.5 ml cuvette and the rate of 
increase in the absorbance was recorded at 420 nm for 3 min after an initial lag period 
of 30 s in a UV/ Vis Spectrophotometer (Systronics, India). Assay mixture without 
enzyme was used as control. The activity of SOD was expressed as unit/mg protein.  
Calculation: The activity of enzyme was calculated by the following formula 
Specific SOD activity    =   (ΔO.D Blank  -  ΔO.D sample) × Total volume   
                                            (ΔO.D Blank / 2) × Aliquot volume × mg protein  
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Enzyme activity: One unit of SOD is described as the amount of enzyme required to 
cause 50% inhibition of pyrogallol autoxidation under specified assay condition. 
 
(b) Catalase (EC 1.11.1.6): The activity of catalase was estimated according to the 
method of Aebi (1974) in a UV/ Vis Spectrophotometer (Systronics, India). 
Principle: This enzyme catalyzes the following reaction which is the principle of 
enzyme estimation- 
    2H2O2              Catalase                  2H2O + O2 
In the UV range H2O2 shows a continual increase in absorption with decreasing 
wavelength. The composition of H2O2 can be followed directly by the decrease in the 
extinction at 240 nm.  
Reagents: 
i. 50 mM phosphate buffer (pH 7.0) 
ii. 30mM Hydrogen peroxide 
Procedure: The reaction mixture contained 2.85 ml of 50 mM potassium phosphate 
buffer (pH 7) and 0.05ml sample. The reaction was initiated by adding 0.1 ml of H2O2 
at final concentration of 30 mM. The contents were mixed thoroughly and decrease in 
absorbance was recorded at 240 nm after every 30 s for 3 min in a UV/Vis 
Spectrophotometer (Systronics, India). The assay mixture without enzyme was used 
as control. Enzyme activity was expressed as U/mg protein. 
Calculation: The activity of enzyme was calculated by the following formula 
Specific catalase activity =   (ΔO.D) × Total volume× 1000    
                                              є  × Aliquot volume × mg protein  
 ΔO.D = Change in OD/min. 
        є  =   Extinction coefficient of H2O2 (40 mM-1/cm-1) 
Enzyme activity: One unit of enzyme represents the amount of enzyme needed for 
degradation of 1 µmol of H2O2 per min. 
 
(c) Glutathione –S- transferase (EC 2.5.1.18): 
 The activity of GST was assayed spectrophotometrically at 340 nm according 
to the method of Habig et al. (1974) in the direction of conjugate formation in the 
cuvette. 
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Principle: The principle involves the formation of S-2, 4-dinitrophenyl glutathione 
conjugate by GST as shown below which leads to progressive increase in absorbance.              
1-Chloro-2,4-dinitrobenzene + Reduced Glutathione    GST     S-2,4-dinitrophenyl glutathione + H+  + Cl¯ 
Reagents: 
i. 0.1 M sodium phosphate buffer. (pH 6.5) 
ii. 1 mM reduced glutathione prepared in phosphate buffer (pH 6.5). 
iii. 1 mM 1- chloro- 2, 4-dinitrobenzene (CDNB) prepared in ethanol. 
Procedure: A total of 3 ml reaction mixture contained 100 mM phosphate buffer (pH 
6.5), 1.0 mM CDNB in ethanol, 1.0 mM GSH, and enzyme sample. The reaction 
mixture was mixed quickly and change in optical density was measured after every 30 
second up to 3 min in a UV/ Vis Spectrophotometer (Systronics, India) at 304 nm.  
Complete assay mixture without enzyme was used as control.  
Calculation: Calculation: The activity of enzyme was calculated by the following 
formula 
Specific GST activity         =    (ΔO.D) × Total volume× 1000 
                                                є  × Aliquot volume × mg protein  
ΔO.D = Change in OD/min. 
      є  =   Extinction coefficient of CDNB (9.6 mM-1 /cm-1) 
Enzyme unit: A unit activity is defined as the amount of enzyme catalyzing the 
formation of 1µ mole of CDNB glutathione conjugate per min under specific assay 
conditions. Specific activity is defined as the units of enzyme activity per mg of 
protein. 
 
(d) Glutathione Reductase (EC 1.6.4.2): The assay of GR enzyme was carried out 
by the method of Carlberg and Mannervik (1985).  
Principle: Glutathione reductase catalyzes the reduction of oxidized glutathione 
(GSSG) to reduced glutathione (GSH) in the presence of NADPH as shown below. 
GSSG + NADPH+ +H+         GR            GSH + NADP+  
Reagents: 
(i) 0.1 M phosphate buffer, (pH 7.4) 
(ii) 0.5 mM EDTA 
(iii) 0.1 mM oxidised  glutathione (GSSG)  
(iv) 0.1 mM NADPH  
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Calculation: The activity of enzyme was calculated by the following formula 
      Specific GR activity =     (ΔO.D) × Total volume× 1000    
                                              є  × Aliquot volume × mg protein  
 ΔO.D = Change in OD/min. 
        є  =   Extinction coefficient of NADPH (6.22 mM-1/cm-1) 
Enzyme unit: One unit of enzyme activity was defined as the amount of enzyme 
catalyzing the conversion of 1 µmol of NADPH/min at 25 °C and pH 7.4.  
(e) Glutathione Peroxidase (EC 1.11.1.9): Glutathione peroxidase activity was 
measured spectrophotometrically according to Paglia and Valentine (1967). 
Principle: Glutathione peroxidase (GPx) catalyzes the oxidation of reduced 
glutathione (GSH) to oxidized glutathione (GSSG) .GSSG is converted back to GSH 
by the enzyme glutathione reductase and NADPH is oxidized to NADP+. The change 
in absorbance at 340 nm due to NADPH oxidation is monitored which is indicative of 
GPx activity. 
2GSH + H202         GPx             H2O +GSSG      
 H2O +GSSG +  2NADPH           GR          GSH + 2 NADP+                                                                    
Reagents: 
(i) 5 mM potassium phosphate buffer containing 0.2 mM EDTA and 0.2 mM NaN3 
(ii) 0.5 mM peroxide (hydrogen peroxide for selenium dependent GPx / cumene 
hydroperoxide for total GPx) 
(iii) 0.1 U of glutathione reductase (GR) 
(iv) 0.1 mM NADPH 
Procedure: Total  reaction mixture of 3 ml contained 0.5 mM peroxide (hydrogen 
peroxide / cumene hydroperoxide), 1 mM GSH, 0.1 U of GR, 5 mM phosphate buffer, 
0.2 mM EDTA, 0.2 mM NaN3, and 0.1 mM NADPH in final concentrations. The 
concentration of oxidized form of glutathione (GSSG) was assayed by measuring the 
conversion of nicotinamide adenine dinucleotide phosphate (NADPH) to NADP at 
340 nm in  UV/Vis Spectrophotometer (Systronics, India). The complete assay 
mixture without enzyme was used as control. Activity was expressed in units per 
milligram of protein.  
Calculation: The activity of enzyme was calculated by the following formula 
 Specific GPx activity =   (ΔO.D) × Total volume× 2×1000    
                                              є  × Aliquot volume × mg protein  
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 ΔO.D = Change in OD/min. 
       є  =   Extinction coefficient of  NADPH (6.22 mM-1 cm-1) 
Enzyme unit : One unit of enzyme activity was defined as the amount of enzyme 
catalyzing the conversion of 1 µmol of NADPH/min at 25 °C and pH 7.4. 
(IV) Determination of metallic cofactor of SOD:To determine  the types  of  SOD, 
crude homogenates of non-infected and infected host tissue were separately incubated 
with different concentration of  potassium  cyanide  (KCN), diethyldithiocarbamate 
(DDC), 1,10-Phenanthroline (1,10-P), sodium azide  (NaN3),   hydrogen  peroxide 
(H202) and sodium dodecyl sulphate (SDS) at 37o C for  10  min. The concentrations 
of these inhibitors are shown in Table (2.1). After incubation, the SOD activity in 
each sample was measured as described above. Based on per cent inhibition, the 
presence of metallic cofactor in the active site of SOD was identified. Inhibition 
studies in the gels were also performed by using only the final concentrations of 
above mentioned inhibitors.   
Table 2.1: Concentrations of various inhibitors used for inhibition study of SOD. 
Inhibitors Concentration ( mM) 
KCN 0.5 1 3 5 
H2O2 1 3 5 10 
NaN3 1 3 5 10 
DDC 0.5 1 3 5 
1,10-P 0.5 1 3 5 
SDS 0.25 0.5 1 2 
 
(V) Analysis of Pathological Marker Enzymes: Sera and abomasa, collected from 
infected and non-infected animals were used for the estimation of various 
pathological marker enzymes by the methods as described below. 
(a) Transaminases: Aspartate (AST, EC 2.6.1.1) and Alanine aminotransferase 
(ALT, EC 2.6.1.2) were analysed by using Span diagnostic enzyme kit (Surat, India). 
The assay principle of these enzymes is based on the method of Reitman and 
Frankel (1957). These enzymes catalyze the transfer of α amino group from specific 
amino group to α-ketoglutarate to yield glutamate and oxaloacetate or pyruvate. These 
ketoacids (oxaloacetate and pyruvate) react with 2-4, dinitrophenyl hydrazine (2-4 
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DNPH) to form a brown colored complex hydrazone, which was determined 
colorimetrically at 505 nm in UV/Vis Spectrophotometer (Systronics, India). 
Following reagents were used: 
(i) Buffer solution (pH, 7.4) containing, alanine and α KG for the estimation of ALT. 
(ii) Buffer solution (pH, 7.4) containing, aspartate and α KG for the estimation of 
AST.  
(iii) Colour reagent containing 2, 4-Dinitrophenyl hydrazine (DNPH),  
(iv) Sodium hydroxide, 4N 
(v) Pyruvate standard, 8 mM  
Reagents (i), (ii), (iii) and (v) in the kit were ready to be used. However, the reagent 
(iv) was diluted with 10 ml distilled water. 
For the estimation of transaminase activities, 0.25 ml of buffer substrate 
solution (i) for ALT and (ii) for AST was taken in each test tube including blank, 
standard, control and test. In test, 0.05 ml sample whereas, in standard 0.05 ml 
pyruvate solution was added, contents were mixed well and incubated at 37 ºC for 30 
min for ALT and 60 min for AST. After this incubation, 0.25 ml DNPH was added in 
both the test tubes as well as in blank and control. After the addition of the colour 
reagent, 0.05 ml sample was added in the control while in blank, 0.05 ml distilled 
water was added in place of sample. After mixing, all the test tubes were allowed to 
stand at room temperature (15-30 ºC) for 20 min and then 2.5 ml NaOH was added, 
mixed thoroughly and then absorbance was recorded at 505 nm within 15 min. The 
enzyme activity was calculated by the following formula and expressed as U/mg 
protein. 
 
Activity (U/L) =  Absorbance of test – Absorbance of control      x conc. of standard 
                           Absorbance of standard –Absorbance of blank  
 
(b) Acid and Alkaline Phosphatases: The enzyme activities of acid and alkaline 
phosphatases were determined by the method of Bergmeyer et al. (1974). For the 
analysis of acid phosphatase (ACP, EC 3.1.3.2), the assay mixture with a total volume 
of 1.1 ml contained, 0.9 ml of 0.05 M acetate buffer (pH 5.0) with 8 mM substrate (p- 
nitrophenyl phosphate, Sigma chemical Co, U.S.A.) and 0.2 ml protein sample. 
However, alkaline phosphatase activity (ALP, EC 3.1.3.1) was analyzed in the assay 
mixture of total volume of 1.2 ml, containing 1 ml of 0.05 M glycine NaOH buffer 
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(pH 9.5) with 5 mM enzyme substrate (p-nitrophenyl phosphate) and 0.2 ml of 
sample.  For enzymatic reaction, the assay mixtures of both enzymes were incubated 
at 37 ºC for 1 h, and the reaction was stopped by adding 0.02 M NaOH. The liberated 
p-nitrophenyl was measured at 420 nm in UV/Vis Spectrophotometer (Systronics, 
India).The enzyme activity was calculated with reference to a previously calibrated 
curve of known concentration of p-nitrophenyl phosphate. 
(VI) Haematological studies: Blood with anticoagulant collected from naturally 
infected and non-infected goats were used for the investigation of  haemoglobin (Hb) 
level, total blood cells (RBC and WBC) counts, differential leucocyte count (DLC), 
packed cell volume (PCV), mean corpuscular haemoglobin concentration (MCHC), 
mean corpuscular  haemoglobin (MCH) and mean corpuscular volume (MCV) . 
(a) Counting of Total blood cells (RBC and WBC): The total blood cells count was 
carried out with the help of Neubauer haemocytometer (Hellige , West Germany). 
Thoma pipette was used for the blood dilution. In RBC counting the pipette was 
calibrated upto 101 units while, for WBC it was calibrated up to 11. For counting of 
RBC and WBC, blood samples were diluted in the ratio of 1:200 with Hyem’s fluid 
(containing mercuric chloride 0.25%, sodium chloride 0.5 % and sodium sulphate 2.5 
% in distilled water) and 1:20 with Turk’s fluid (containing 2% concentrated glacial 
acetic acid and 0.01% aqueous gentian violet) respectively. The counting procedure of 
blood cells was essentially the same as described by Mac Innis and Voge (1970). 
(b) Differential Leucocyte Count (DLC): For differential leucocyte counts, blood 
film was prepared on clean glass slides, stained with Giemsa’s stain and different cells 
were counted as described by Mac Innis and Voge (1970). 
(c) Packed cell volume (PCV): Packed cell volume was determined by the method as 
described by Wintrobe (1967). The Wintrobe tube was filled with blood and the level 
was adjusted to the zero mark. Care was taken to avoid trapping of air bubbles during 
the filling of blood in the tubes. The tubes were then centrifuged at 3000 xg for 15 
min and the PCV was calculated by the following formula : 
 
Packed Cell Volume = Height of packed cell volume × 100 
                                      Total height of column (mm)  
(d) Total haemoglobin content:  Total per cent haemoglobin (Hb) was estimated by 
the haemoglogin cyanide method as described in the manual of WHO (Anon, 1978). 
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The freshly collected blood of known volume (0.02 ml) was mixed with 5 ml of 
reagent. The mixture was allowed to stand for at least three min, and the absorbance 
was taken at 540 nm after setting the spectrophotometer to zero with distilled water. 
The haemoglobin content was determined with reference to a standard curve prepared 
as described in the manual of WHO (Anon, 1978). The reagent contained the 
following chemicals. 
Potassium ferricyanide                          =     200 mg 
Potassium cyanide                                     =      50 mg 
Potassium dihydrogen phosphate              =      140 mg 
Nonidet P-40                                             =       0.5 ml 
Double distilled water                             =  1 litre  
Further, The haematological indices of mean cell haemoglobin concentration 
(MCHC), mean cell haemoglobin (MCH) and mean cell volume (MCV) were 
calculated using the total red blood cell count (RBC), haemoglobin concentration 
(Hb), and packed cell volume (PCV) according to formulae of (Dacie and Lewis, 
2001). 
(VII) Oxidative stress markers: The biochemical markers of oxidative stress, like 
superoxide, carbonyl group (a byproduct of protein oxidation), malondialdehyde (a 
byproduct of lipid peroxidation) and glutathione was also analyzed in the infected and 
non-infected tissue. The procedures for the estimation of these components are 
explained below. 
(a) Superoxide content: The estimation of superoxide content was done by the 
method of Green and Hill (1984), which was based on the reduction of nitroblue 
tetrazolium (NBT). A total of 1.0 ml reaction mixture contains 0.5 ml of crude 
homogenate and 0.5 ml of 0.4 mM NBT in 0.2 M phosphate buffer (pH 7.8). The in-
crease in absorbance was recorded at 490 nm in UV/Vis Spectrophotometer 
(Systronics, India) against the blank, without NBT. The reducing activity of NBT by 
the homogenates was expressed as ΔA490 /min/mg protein. 
(b) Carbonyl group : Carbonyl group was determined by the method described by 
Levine et al. (1990). DNP hydrazones formed from the reaction are easily 
quantifiable at 375 nm. Proteins of the tissue homogenates were precipitated with 
20% trichloro acetic acid (TCA) on ice, centrifuged at 4,000 x g for 5 min to separate  
the precipitated proteins. The pellet was dissolved in 10 mM DNPH solution made in 
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2 M HCl.  Proteins were again precipitated with 20% TCA, washed three times with 
the mixture of ethanol: ethyl acetate (1:1 v/v) with15 min standing periods to remove 
the excess DNPH. Precipitated proteins were dissolved in 200 µl of 6 M guanidine in 
20 mM phosphate buffer (pH 2.3) and the absorbance was recorded at 370 nm in 
UV/Vis Spectrophotometer (Systronics, India). A control blank was also prepared by 
the same method as described above, except that there was no DNPH. The carbonyl 
content (µmol/mg of protein) was calculated using a molar extinction coefficient 
22,000/M/ cm after subtraction of the blank absorbance. 
(c) Malondialdehyde: The concentration of malondialdehyde (MDA) a reliable 
marker of lipid peroxidation was estimated following the method of Ohkawa et al. 
(1979). The total 4 ml reaction mixture contains 0.1 ml homogenate, 1.5 ml acetic 
acid, 0.2 ml SDS, 1.5 ml Thiobarbituric acid (TBA) reagent and 0.7 ml distilled water. 
The mixture was incubated in a boiling water bath for one hour. After cooling, 5 ml of 
pyridine/butanol (15:1, v/v) was added, thoroughly mixed and centrifuged at 9000 xg 
for 15 min. The supernatant having clear butanol fraction was collected and used for 
the estimation of MDA by taking absorbance at 532 nm in UV/Vis Spectrophotometer 
(Systronics, India). Lipid peroxidation was measured by using the extinction 
coefficient 1.56 × 105 of pure MDA. The values of lipid peroxidation were expressed 
as nmoles of MDA per mg of protein.  
(d) Reduced Glutathione (GSH): Reduced glutathione was measured by the method 
as described by Jollow et al. (1974). According to the protocol, 0.5 ml of sample 
homogenate was mixed with equal volume of 4% (w/v) sulphosalicylic acid and 
incubated at 4º C for 1 h followed by centrifugation at 1200 xg for 15 min. The 
supernatant was carefully collected, and about 0.2ml supernatant was mixed with 1.1 
ml of potassium phosphate (0.1M, pH 7.4). The reaction was initiated by adding 0.2 
ml of 5, 5’-dithiobis-2-nitrobenzoic acid (DTNB), and within 30 s the absorbance was 
recorded at 412 nm in UV/Vis Spectrophotometer (Systronics, India). The GSH level 
was expressed in nmoles per mg of protein. 
 
(VIII) Electrophoretic analysis of soluble proteins: In order to study the protein 
polymorphism, the infected and non-infected host tissue were homogenized in 0.1 M 
phosphate buffer (pH, 7.4), sonicated and centrifuged at 1000 xg for 10 min to 
remove debris. Protein concentration in the sample was determined by the dye 
binding method of Bradford (1976) as modified by Spector (1978). The dye reagent 
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consists of 0.01% (w/v) CBBG-250, 5% (v/v) Ethanol and (10% v/v) 
Orthophosphoric acid. Bovine serum albumin (BSA) prepared in 0.1N NaOH was 
used as standard.  The protein content is measured linearly in the range of 1-10 µg in 
2.1 ml of total assay volume at 595 nm.  
(a) SDS- polyacrylamide gel electrophoresis (SDS – PAGE): Electrophoresis of 
proteins in presences of SDS was carried out as described by Laemmli (1970) with 
some minor modifications. The samples were prepared by dissolving known amount 
of protein in Laemmli’s sample buffer containing 2% SDS, 5% β-mercaptoethanol, 
10% aq. bromophenol blue in 0.12 M Tris-HCl buffer (pH, 6.75). The standard 
molecular weight markers of GeneI were also run simultaneously. The standard 
molecular weight markers contained the following highly purified proteins: Myosin 
(205 kDa), Phosphorylase b (97.4 kDa), Bovine serum albumin (66 kDa), ovalbumin 
(44 kDa) and carbonic anhydrase (29 kDa). The separating gel was prepared by 10 % 
acrylamide solution which was allowed to polymerize at room temperature for about 
45 min. Following polymerization it was overlaid with freshly prepared stacking gel 
solution consisting of 4% acrylamide. 
(b) Preparation of solutions: 
 Stock solutions:   
(i) Acrylamide/ Bisacrylamide (30% T, 2.67% C) 
 Acrylamide                                       : 29.2 g /100ml. 
 NN’-bis –methylene-acrylamide      : 0.8 g /100ml. 
 Filter and store at 4 ºC in the dark bottle  (30 days) 
(ii) 10% (w/v) SDS  
 10 g SDS in 100 ml double distilled water (DDW). 
(iii) 1.5 M Tris HCl, pH-8.8 (separating gel buffer) 
 Tris base- 18.15 g/100 ml DDW 
 Adjust pH 8.8 with 6 N HCl, filter and store at 4 ºC. 
(iv) 0.5 M Tris HCl, pH 6.8 (stacking gel buffer) 
 Tris base 6 g/100 ml DDW  
 Adjust pH 6.8 with 6 N HCl, filter and store at 4 ºC. 
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(v)  Running buffer- 1000 ml 
 Tris buffer  : 3.03 g 
 Glycine       : 14.4 g 
 SDS            : 1 g 
 DDW          : 1000 ml  
(vi)  10% Ammonium per sulphate (APS) 
 APS     : 100 mg 
 DDW  : 1 ml 
(vii) Sample buffer (SDS Reducing Buffer) 
 DDW                                      : 3.55 ml                           
 0.5M Tris –HCl, (pH 6.8)        : 1.25 ml 
 Glycerol                                    : 2.5 ml 
 10% SDS          : 2.0 ml 
  Bromophenol blue (0.5% w/v)      : 0.2 ml 
50µl β-mercaptoethanol was added to 950 µl sample buffer prior to use. The sample 
was diluted in the ratio of 1:1 with sample buffer and heated at 95 ºC for 8 min. 
(c) Gel formulation for SDS- PAGE: 
          Gel solution:                             (10%)                (4%) 
 Acrylamide                    :        3.3 ml                     1.3 ml 
 Separating gel buffer           :        2.5 ml                     2.5 ml  
 SDS (10%)                        :        100 µl                      100 µl           
 Distilled water                   :        4.1 ml                   6.1 ml   
 TEMED                             :         5µl                            5µl 
 APS                                   : 50µl                 50µl 
TEMED and APS were added just before pouring the gel. 
(d) Gel casting: The separating gel solution was poured into the glass plate mould 
which were separated by 1mm spacers and held together by clips on a stand. A 
distance of about 2 cm was left for stacking gel. Once the solution was poured, it was 
carefully over layered with few drops of distilled water and left for polymerization at 
room temperature for 45 min. After polymerization, distilled water was aspirated and 
then 4 % stacking gel was poured. A comb measuring about 1 mm thickness was 
inserted inside the stacking gel immediately and allowed to polymerize at room 
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temperature. After polymerization, comb was removed and the wells were rinsed with 
distilled water to remove un polymerized gel, if any.  
(e) Sample preparation: Soluble protein content was mixed with Laemmli’s sample 
buffer in 2:1 ratio and incubated in boiling water bath for 8 min. After boiling, the 
samples were allowed to cool at room temperature. 
(f) Electrophoresis: The gel was pre run at 100 V for 30 min and then samples and 
standard protein marker were loaded on to the separate well by sample applicator. The 
electrophoresis was carried out on vertical slab gel system (Biorad Ltd., U.S.A) at 100 
V in refrigerator until tracking dye reached approximately 1cm above the end of the 
gel. After the completion of electrophoresis, gels were removed and fixed in 
methanol, acetic acid and distilled water solution, which were in the ratio of 45:45:10 
(v/v) for 1 h at room temperature. Staining of gels were carried out by following two 
standard methods. 
(g) CBBR-250 staining: After fixation, gel was stained overnight with 0.25% (w/v) 
Coomassie Brillant Blue R (CBBR- 250) dye, prepared in fixative.  Initially the over 
stained gels were destained in the fixative with shaking at constant intervals, and 
finally destained in methanol, acetic acid and distilled water (5:7:88, v/v) until the 
background was clear and protein bands became distinct.  
(h) Silver staining: Silver staining was carried out following the  protocol as given by 
Blum et al. (1987).  For silver staining the gel was fixed in the methanol: acetic acid:  
formaldehyde: water solution (50:12:0.02:38 v/v) and then treated with working 
sodium thiosulphate solution, made by diluting 0.8 ml of 2.5% w/v thiosulphate stock 
solution in 100 ml distilled water for 1 min. The gel was treated with 0.2% (w/v) 
aqueous silver nitrate solution containing 0.075 ml formaldehyde in the dark for 20 
min after washing with distilled water. After quick rinse with distilled water the gel 
was placed in the developing solution containing, 6% w/v sodium carbonate, 0.05% 
v/v formaldehyde and 0.016% v/v of 2.5% sodium thiosulphate until the appearance 
of clear bands. After this step, the reaction was stopped by treating the gel with 
stopper solution having methanol acetic acid and water in the ratio of 50:12: 38 for 10 
min and then the gel was placed in 50% methanol for 20 min and stored in distilled 
water for photography.  
            
(IX) Electrophoretic Analysis of Antioxidant enzymes in  infected and non-
infected tissues: The antioxidant enzymes of both infected and non-infected tissues 
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were also fractionated on polyacrylamide gel under native conditions, by using 
discontinuous buffer system of Laemmli (1970) without SDS and β-mercaptoethanol. 
The samples containing about 40 µg proteins were separately incubated in Laemmli’s 
sample buffer (without SDS), in 2:1 ratio (v/v) for 15 min at room temperature and 
then loaded onto the gel. After loading protein samples, the electrophoresis was 
carried out at 100 V for 2 h in the refrigerator, using Mini Protean Dual Slab 3 Cell 
System (Biorad Ltd., USA). After electrophoresis, the specific staining of enzymes 
was performed as described below. 
Staining for SOD activity was performed according to the methods of 
Beauchamp and Fridovich (1971). The gels were soaked in a solution containing, 
0.2% nitroblue tetrazolium (NBT), 0.028 M  N,N,N”,N”-tetramethylenediamine 
(TEMED) and 2.8×10-5 M riboflavin in 50 mM Potassium phosphate buffer (pH 7.8)  
for 1 h at room temperature in the dark and shaken at constant intervals. After 
incubation, the gel was rinsed thoroughly with double distilled water and illuminated 
under fluorescent light until achromatic zones indicating SOD activity are clearly 
visible on a blue background. 
The method used for staining of catalase activity in the gel was same as 
described by Weydert and Cullen (2010). After electrophoresis, the gel was washed 
thrice (10 min each) with distilled water, then incubated with 0.003% H2O2 (10 µl of 
30% H2O2 in100 ml distilled H2O) for 10 min. After washing twice with distilled 
H2O, the gel was stained with staining solution, containing 2% aqueous ferric chloride 
and 2% potassium ferricyanide with continuous shaking until yellow bands appeared 
on green background. 
GST activity in the gel was detected by the method of Ricci et al. (1984). 
After electrophoresis, gel was placed in 0.1 M potassium phosphate buffer ( pH 6.5) 
containing 4.5 mM GSH, 1.0 mM CDNB, and 1.0 mM NBT and incubated  in water 
bath  at 37°C under gentle agitation. After 10 min, gel was washed with distilled 
water and incubated  in 0.1 M Tris–HCI buffer (pH 9.6) containing, 3.0 mM 
phenazine methosulphate (PMS) at room temperature. Blue insoluble formazan 
appeared on the gel surface in about 3–5 min, except in the area of GST activity.  
The method of Hou et al. (2004) was followed for staining of GR activity. 
The gel was dipped twice for 15 min each in 50 mM Tris - HCl buffer (pH 7.9), and 
then incubated with  the substrate solution containing, 4.0 mM oxidized glutathione 
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(GSSG), 1.5 mM  NADPH, and 2 mM 5,5'-dithiobis-2-nitrobenzoic acid (DTNB) in  
50 mM Tris-HCl buffer  (pH 7.9) with gentle shaking for 20 min. After incubation, 
the gel was briefly rinsed with 50 mM Tris- HCl buffer (pH 7.9), and then again 
incubated with 1.2 mM MTT and 1.6 mM PMS for 5–10 min at room temperature in 
the dark, with gentle shaking. Colourless zones appeared on purple background 
indicating enzyme activity. 
The staining of GPx was done by the method of Kho et al. (2004) with minor 
modifications. Initially, the gel was equilibrated with 50 mM Tris-HCl buffer (pH 
7.9), for 20 min and then soaked in substrate solution (13 mM GSH, and 0.004% 
cumene hydroperoxide in 50 mM Tris-HCl buffer, pH 7.9) for 20 min, with gentle 
shaking. After a brief rinse, the gel was incubated in the developer solution, 
containing 1.2 mM 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide 
(MTT) and 1.6 mM PMS in 50 mM Tris- HCl buffer (pH 7.9) for 5 min in the dark, 
until acromatic zone appeared on purple background, which indicated the enzyme 
activity.  
(X) Documentation and gel analysis: Stained gels were scanned on all in one HP 
Deskjet (F2235) computer assembly and densitogram was then prepared using “my 
image analysis software 2.0 (Thermo Fisher Scientific Inc., U.S.A). The molecular 
weight of the separated polypeptides were calculated with the help of standard protein 
marker using my Image analysis software 2.0 (Thermo Fisher Scientific Inc., U.S.A).  
(XI) Statistical analysis: Statistical analysis was performed by using one way 
ANOVA followed by the Post hoc Tukeys HSD multiple comparisons test using the 
statistical software R, 2.15.1 (Austria). Confidence level was held at 95 % and p value 
≤ 0.05 was considered as significant.  
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2.4: Results 
(I) Biochemical analysis of sera:  Various biochemical components like glucose, 
cholesterol, protein, albumin, globulin, uric acid, urea, creatinine, calcium, potassium 
and sodium were analyzed in non-infected and infected sera sample and the obtained 
results are presented in Table (2.2). It is evident that the level of cholesterol, globulin, 
urea, uric acid and creatinine increased significantly in infected sera while glucose, 
protein, albumin decreased significantly as compared to non-infected sera. Serum 
minerals imbalance was also evident with a significant decline in potassium and 
calcium levels while sodium level was increased (Table 2.2).  
(II) Antioxidant enzymes in the sera: The level of antioxidant enzymes in the sera 
was also affected due to haemonchosis. The specific activity of SOD, CAT, GST and 
GR was found to be higher in infected sera while GPx activity was lower than non-
infected sera (Fig. 2.1). Statistical analysis revealed significant difference between 
non-infected and heavily infected animals for SOD and GR while in case of CAT it 
was significant in mildly and heavily infected animals when compared with the non-
infected animals. On the other hand the rise in GST activity was significant in all the 
groups (Fig. 2.1). 
(III) Pathological marker enzymes in the sera: The activity of ALT, AST, ACP and 
ALP was found increased in the infected as compared to non-infected sera (Fig. 2.2). 
Significant differences were observed between the enzyme level of infected and non-
infected animals in all the cases except AST and ALP where the rise in case of low 
infection was insignificant.   
(IV) Haematological studies: Analysis of various haematological parameters 
revealed alteration in all blood components that were significantly different from non- 
infected animals. The effect on the haematological parameters observed was directly 
proportional to severity of infection. As the parasite burden increased the effect was 
more prominent. 
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Table 2.2: Biochemical components of non-infected and infected goat sera with 
Haemonchus contortus. 
Parameter Non-infected Low infected Mild infected Heavily infected 
Glucose (gm/dl) 53.00 ± 1.52 51.00 ± 0.57# 47.33 ± 1.20* 37.66 ± 1.45** 
Cholesterol(gm/dl) 133.33 ± 2.40 145.00 ± 2.88# 164.67 ± 2.60# 174.00 ± 3.05** 
Protein    (gm/dl) 7.48 ± 0.06  6.55  ± 0.13** 6.9± 0.1* 7.00 ± 0.05 * 
Albumin (gm/dl) 4.23 ± 0.08  2.49 ± 0.02** 2.25 ± 0.47** 2.08 ± 0.04** 
Globulin (gm/dl) 3.25 ± 0.11  3.96 ± 0.06 # 4.65 ± 0.10**  5.08 ± 0.13** 
A/G Ratio 1.27 ± 0.03  0.60 ± 0.004**  0.479± 0.02** 0.39 ± 0.02** 
K+ (meq/l) 5.63 ± 0.18 4.96 ± 0.23# 4.26 ± 0.17* 3.83 ± 0.12* 
Na+ (meq/l) 132.67 ± 0.66  135.33 ± 0.33# 139.0 ± 0.57* 147.60 ± 0.92** 
Calcium (gm/dl) 8.96 ± 0.08 8.6 ± 0.05# 8.16 ± 0.08# 6.6 ± 0.20** 
Urea (gm/dl) 40 ± 0.88 43 ± 1.0# 46±1.0** 50 ± 1.15** 
Creatinine (mg/dl) 1.00 ± 0.05  1.03 ± 0.03 # 1.10 ± 0.05#                 2.27 ± 0.03* 
Uric acid (gm/dl) 2.5 ± 0.06 3.5 ± 0.08** 4.53 ± 0.14** 4.9 ± 0.05** 
 
All values are the mean ± S.E. of  three replicates. 
Statistical analysis was performed by one way ANOVA followed by the Post hoc Tukeys test . 
# = non-significant, *= significant at p ≤ 0.05 , ** = significant at p ≤ 0.001. 
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Fig. 2.1: Activities of antioxidant enzymes in infected  and  non-infected goat sera. 
SOD = superoxide dismutase ; CAT = catalase ; GST= glutathione –S-transferase ;   
GR= glutathione reductase. GPx = glutathione peroxidase. 
All values are the mean ± S.E. of  three replicates. 
Statistical analysis was performed by one way ANOVA followed by the Post hoc Tukeys 
test. 
# = non-significant, *= significant at p ≤ 0.05, ** = significant at p ≤ 0.001. 
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Fig. 2.2: Serum pathological marker enzymes in infected and non-infected goat 
sera. 
AST = aspartate transaminase; ALT =  alanine transaminase, ALP = alkaline phosphatase; 
ACP = acid phosphatase. 
All values are the mean ± S.E. of  three replicates. 
Statistical analysis was performed by one way ANOVA followed by the Post hoc Tukeys 
test. 
# = non-significant, *= significant at p ≤ 0.05, ** = significant at p ≤ 0.001. 
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(a)  Total Red Blood Cell count: The RBC were counted from both infected and 
non-infected animals, the result is presented in Table (2.3). It is evident from results 
that RBC level decreases with the severity of infection. In case of low and mild 
infection a decrease of 15% and 24% respectively was observed while a drastic 
decline of 58% was found in heavily infected animals. The decrease in number of 
RBC was found to be statistically significant. 
(b)  Haemoglobin Content: The changes in haemoglobin concentration between non 
infected and infected group of animals are shown in Table (2.3).The heavily infected 
animals showed a decline of 40% while a slight decline of 15% and 23% were 
observed in low and mildly infected group of animals. The differences were 
significant in all groups when compared to the control. 
(c) Packed Cell Volume: The packed cell volume (PCV) in infected animals was 
found lower than non-infected animals (Table 2.3). Maximum and highly significant 
decrease (60%) in PCV was observed in the heavily infected animals. However, the 
difference was insignificant in animals with low infection.  
(d) Mean corpuscular volume (MCV): Mean corpuscular volume decreased in the 
infected animals as compared to than the non-infected animals (Table 2.3). Significant 
decline was observed in mildly (12 %) and heavily infected sera (20%).  
(e) Mean corpuscular haemoglobin (MCH) and Mean corpuscular haemoglobin 
concentration (MCHC): The mean corpuscular haemoglobin and mean corpuscular 
haemoglobin concentration was found to increase in the infected animals in 
comparison to the non-infected animals (Table 2.3). Maximum and significant rise in 
MCH was observed in the heavily infected animals (48%). The increase in the MCH 
value was insignificant in low and mild infection. Significant rise in MCHC values 
were observed in both, mild and heavily infected animals while the increase in low 
infected animals was insignificant. About 60 % increase in MCHC values was 
observed in heavily infected animals.   
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Table 2.3: Various blood components from non-infected and infected goats with 
Haemonchus contortus. 
Parameter 
 
Non-infected Low infected Mild infected Heavily infected 
RBC (×106/µl) 3.04  ±0.06 
 
2.56 ±0.05# 
 
2.31 ±0.01* 
 
1.28 ± 0.11** 
 
Hb (g/dl) 11.47±0.23 9.86 ± 0.03# 
 
8.73 ±0.03* 6.83±0.37** 
PCV (%) 30.52±1.36 25.633 ±1.65# 23.26±1.39* 12.30 ±0.83** 
 
MCV (fl) 109.17±3.05 101.82 ±4.12# 95.99 ±2.00* 90.66 ±1.20* 
 
MCH (pg) 
 
37.23±1.24 38.46±1.93# 42.13±1.95# 55.10±3.95* 
MCHC (g/dl) 
 
34.26 ±0.56 37.90±1.95# 44.00±1.15* 54.66±2.02** 
 
RBC=Red blood cell; Hb=Haemoglobin; PCV=Packed cell volume; MCV=Mean corpuscular 
volume; MCH=Mean corpuscular haemoglobin; MCHC=Mean corpuscular haemoglobin 
concentration. 
 
All values are the mean ± S.E. of three replicates. 
 
Statistical analysis was performed by one way ANOVA followed by the Post hoc Tukeys test. 
# = non-significant, *= significant at p ≤ 0.05, ** = significant at p ≤ 0.001. 
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(f) Total leucocyte count and Differential leucocyte count (TLC and DLC): The 
total leucocyte counts were found significantly lower in the infected than in non-
infected animals (Table 2.4). The leucocyte decline in mild and heavy infection was 
found significant while insignificant in case of low infection. Further, a drastic 
reduction (75 %) was observed in the heavily infected animals. 
 The differential leucocyte counts provided some interesting information. It 
was observed that neutrophils and eosinophils percentage increased in the infected 
animals. Contrary to this, the lymphocytes percentage decreased. 
(V) Oxidative stress in the tissue: The oxidative stress markers like superoxide anion 
concentration, lipid peroxidation, protein oxidation and glutathione level were studied 
in the infected and non-infected tissue and the obtained results are shown in Fig (2.3). 
A rise in the level of O2- was observed in the infected tissue which was directly 
related to the number of parasites infecting the host. The increase in O2- was 
significant in case of mild (p<0.05) and heavy infection (p< 0.001) while insignificant 
in case of low infection. MDA levels, an index of lipid peroxidation was also found 
elevated. Significant rise in MDA level was seen in all the groups. An increased 
protein carbonyl level, parameter of oxidative damage to proteins was also found to 
be elevated. Glutathione levels were also altered; a drastic decline was seen in all the 
groups analyzed when compared with the non-infected tissue.  
 (VI) Antioxidant enzymes in the tissue: The activity of CAT, GST and GR was 
found to increase while SOD and GPx activity declined in the infected tissue in 
comparison to the non-infected tissue (Fig. 2.4). The increase in the CAT and GST 
activity was significant in case of mild and heavily infected animals as compared to 
non-infected animals whereas the rise of these enzymes in case of low infection was 
statistically insignificant. The elevated activity of GR was significant in all the groups 
when compared with the non-infected animals. The GPx activity significantly 
declined in low, mild and heavily infected tissue as compared to non-infected tissue 
while the SOD activity was decreased significantly in case of mild and heavily 
infected animals whereas  in low infection the drop was statistically insignificant. 
The electrophoretic fractionation of the antioxidant enzymes in infected and 
non-infected tissue were also done (Figs. 2.5-2.9). The densitometric analysis 
revealed that the activity of SOD and GPx were reduced while the activity of catalase, 
GR and GST  
Chapter – 2          Haemato-Biochemical Effect Due to Haemonchus contortus Infection in Goats 
 
 91
 
 
 
 
 
 
 
Table 2.4: Total and differential leucocyte count from non-infected  and infected  
goats with  Haemonchus contortus. 
Cells 
 
Non-infected Low infected Mild infected Heavily infected 
WBC(×103/µl) 18.85±0.53 16.70±1.19# 12.6±0.7* 4.8±0.55** 
Lymphocytes(%) 
 
61.71±1.63 53.40±2.01# 51.16±1.18# 42.8±2.04** 
Neutrophils (%) 
 
33.36±0.98   39.60±0.89 # 43.29±0.86*  46 .22±1.64** 
Eosinophils (%) 
 
0.88±0.20  2.50±0.43# 6.21±0.47** 8.76±.51**  
Basophils (%) 
 
1.84±0.05  1.14±0.151 # 0.76±0.12** 0.24±0.07** 
Monocytes (%) 
 
2.1±0.10 1.91±0.08# 1.76±0.10# 1.41±0.28# 
 
WBC= White blood cells. 
 
All values are the mean ± S.E. of three replicates. 
 
Statistical analysis was performed by one way ANOVA followed by the Post hoc 
Tukeys test. 
# = non-significant, *= significant at p ≤ 0.05, ** = significant at p ≤ 0.001. 
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Fig. 2.3: Alteration in the level of the oxidative stress markers in infected and 
non-infected host tissue.  
All values are the mean ± S.E. of three replicates. 
Statistical analysis was performed by one way ANOVA followed by the Post hoc Tukeys 
test. 
# = non-significant, *= significant at p ≤ 0.05, ** = significant at p ≤ 0.001. 
N = Non-infected host tissue. 
L= low infected host tissue. 
M= mild infected host tissue. 
H= High infected host tissue. 
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Fig. 2.4: Activities of antioxidant enzymes in  non-infected and infected host 
tissue  with  Haemonchus contortus. 
SOD = superoxide dismutase, CAT = catalase, GST= glutathione –S-transferase,   
GR= glutathione reductase, GPx = glutathione peroxidase. 
All values are the mean ± S.E. of  three replicates. 
Statistical analysis was performed by one way ANOVA followed by the Post hoc Tukeys 
test. 
# = non-significant, *= significant at p ≤ 0.05, ** = significant at p ≤ 0.001. 
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were greatly enhanced. A total of 7 and 6 activity bands of GST were detected in 
infected and non-infected host tissue respectively  while, 3 bands of GR and  1 band  
of SOD, CAT and GPx  each  was observed in both infected and non-infected tissues 
which suggest the occurrence of isozymes in GST and GR. In GST Isozyme profile, a 
characteristic band of  96 kDa was found in the infected tissue (Fig. 2.7) 
(VII) Characterization of SOD: To determine  the types  of  SOD,  potassium  
cyanide (KCN), sodium azide  (NaN3), Diethyldithiocarbamate (DDC), 1,10-
Phenanthroline (1,10-P), Sodium dodecyl sulphate (SDS) and  hydrogen  peroxide 
(H2O2) were used at different concentrations for spectrophotometric analysis. 
Appreciable amount of enzyme activity was inhibited by KCN which is a known 
inhibitor for Cu/Zn SOD, but not by the other inhibitors (Fig. 2.10). The inhibition 
rate  between the infected and non- infected tissue was almost same thus only that of 
infected tissue has been shown. KCN had the least IC 50 followed by 1, 10-P and DDC 
(Table 2.5). Similarly, no activity band of SOD was detected following treatment of 
gels with 5mM KCN, whereas other inhibitors didn’t abolish the enzyme activity but 
they only reduced the enzyme activity (Fig. 2.11). It demonstrates the noticeable 
effect of KCN, which reveals that KCN is the most potent inhibitor of SOD. 
(VIII)  Pathological marker enzymes in tissue: Pathological marker enzymes AST, 
ALT, ALP and ACP were elevated in the infected tissue (Fig. 2.12). In case of low 
infection, the increase in activity of ACP was insignificant in comparison to the non-
infected animals while AST, ALT and ALP activity was significant in the entire 
groups when compared with non-infected animals.  
(IX) Polypeptide profile of infected and non-infected tissue: The results of SDS- 
PAGE revealed a heterogeneous polypeptide profile (Fig. 2.13). The separated 
polypeptides were stained with Coomassie Brilliant Blue (CBBG -250) and Silver 
stain. A total of 23 and 20 coomassie stained polypeptides of different molecular 
weight ranging from 17 kDa to 245 kDa were resolved in infected and non-infected 
tissue. Most of the polypeptides were common in both the tissues while  8 and 6 
specific polypeptides were resolved in infected and non-infected tissue respectively. 
The molecular weight of these characteristic polypeptides is highlighted in Table 
(2.6). 
It is well known that CBBR-250 stain is less sensitive than the silver stain and 
many conjugated proteins are not stained with this dye. Therefore, silver staining of 
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the gels was also done which revealed 27 and 23 bands in infected and non-infected 
tissues respectively. The molecular weights of the bands are shown in Table (2.6). 
Further, it was observed that there were 13 and 8 specific polypeptides detected in the 
in infected and non-infected tissue, respectively (Table 2.6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chapter – 2          Haemato-Biochemical Effect Due to Haemonchus contortus Infection in Goats 
 
 96
 
 
 
 
 
 
 
 
 
 
 
 (a) 
  
                                   (b)                                                                         (c) 
Fig. 2.5: Native polyacrylamide gel electrophoresis (a), of purified bovine liver 
Cu/Zn SOD (standard marker) of known molecular weight (lane 1) 
and soluble extracts of infected (lane 2) and non-infected (lane 3) 
host’s tissues. The gels were stained for SOD activity with NBT as 
described by Beauchamp and Fridovich (1971). The achromatic 
zones represent SOD activity. Note the presence of one activity band 
in both infected and non-infected host tissue above the standard 
marker. Densitogram of separated band of infected (b) and non- 
infected (c) host’s tissue was prepared by using “my Image analysis 
software” to indicate density of bands. 
 
 
32.5 kDa 
   1              2             3 
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(a) 
  
                    (b)                                       (c) 
 
Fig. 2.6: Native polyacrylamide gel electrophoresis (a), of soluble extracts of 
infected (lane 1) and non-infected (lane 2) host’s tissues. The gels 
were stained for CAT activity as described by Weydert and Cullen 
(2010). The yellow zones on green background represent CAT 
activity. Note the presence of one activity band in both infected and 
non-infected host tissue. Densitogram of separated band of infected 
(b) and non- infected (c) host’s tissue was prepared by using “my 
Image analysis software” to represent the density of bands. 
 
 
 
 
               1               2 
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(a) 
        
                             (b)                                                                (c) 
Fig. 2.7: Native polyacrylamide gel electrophoresis (a), of infected tissue (Lane 
1) and non-infected host’s tissue (Lane 2). The gels were stained for 
GST activity as described by Ricci et al. (1984). Densitogram 
prepared by using “my Image analysis software” of infected (b) and 
non- infected (c) host’s tissue.  The achromatic zones represent the 
GST activity.  Note the presence of 7 and 6 activity bands in infected 
and non-infected host’s tissue respectively. The red box indicates 
characteristic band of GST in infected tissue. 
. 
 
 
 
 
     1             2              
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(a) 
      
                                  (b)                                                               (c) 
Fig. 2.8: Native polyacrylamide gel electrophoresis (a), of purified Baker’s 
yeast GR (standard marker) of known molecular weight (lane 1) and 
soluble extracts of infected (lane 2) and non-infected (lane 3) host’s 
tissues showing 3 activity bands in both infected and non-infected 
host’s tissues. The gels were stained for GR activity as described by 
Hou et al. (2004) . The achromatic zones represent GR activity. 
Densitogram of separated bands of infected (b) and non- infected (c) 
host’s tissue was prepared by using “my Image analysis software”. 
Note variation in the density of bands in infected and non-infected 
host’s tissues. 
 
 
 
                                                         
   1             2            3 
118 kDa 
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 (a) 
                             
                 (b)                                           (c) 
 
Fig. 2.9: Native polyacrylamide gel electrophoresis (a), of soluble extracts of 
infected (lane 1) and non-infected (lane 2) host’s tissues showing one 
activity band in both infected and non-infected host’s tissue. The gels 
were stained for GPx activity as described by Kho et al. (2004). The 
achromatic zones represent GPx activity. Densitogram of separated 
band of infected (b) and non- infected host’s tissue (c) was prepared 
by using “my Image analysis software”. Note the density of activity 
bands.  
 
 
 
 
 
             1            2 
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Fig. 2.10: Effect of different concentration of various inhibitors on the SOD 
activity of infected host tissue with Haemonchus contortus.  
KCN=Potassium cyanide, H2O2 = Hydrogen peroxide, NaN3= Sodium 
azide ,  DDC= Diethyldithiocarbamate , 1,10-P=1,10-Phenanthroline, 
SDS= Sodium dodecyl sulphate. 
 
Table 2.5: IC 50 of SOD activity from infected host tissue with Haemonchus 
contortus. 
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Fig.  2.11:  Native gel electrophoresis showing the inhibition of SOD activity with 
various inhibitors in infected tissue with Haemonchus contortus. The 
homogenates were incubated with different inhibitors and SOD 
activity was determined as described in Materials and Methods. 
Lanes: 1= Control, 2= 5 mM KCN, 3 =2mM SDS, 4=10 mM H2O2, 5 = 
5mM DDC, 6 = 5mM 1,10-P, 7= 10 mM NaN3. 
 
 
 
 
 
 
 
 
   1            2          3         4        5          6           7 
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Fig. 2.12: Pathological marker enzymes of non-infected and infected host tissue 
with Haemonchus contortus. 
AST= aspartate transaminase; ALT = alanine transaminase, ALP = alkaline phosphatase; 
ACP = acid phosphatase. 
All values are the mean ± S.E. of  three replicates. 
Statistical analysis was performed by one way ANOVA followed by the Post hoc 
Tukeys test. 
# = non-significant, *= significant at p ≤ 0.05, ** = significant at p ≤ 0.001. 
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Fig. 2.13: The protein profiles of non-infected (Lane 2) and infected host tissue (Lane 3) with 
Haemonchus contortus along with standard marker protein (Lane 1) of known molecular 
weight by SDS – PAGE. The gels were stained with CBGG-250 (a) and silver stained (b). 
Densitogram prepared using “my Image analysis software” of CBBR-250 stained gel (c and 
d) and silver stained gel (e and f). c and e = infected tissue, d and f= non infected tissue. 
1               2             3    
205 kDa 
97.4 kDa 
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44 kDa 
29 kDa 
                (a)                                                                                            (b) 
   1            2           3 
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Table 2.6: Molecular weight of  individual polypeptide obtained  by CBBR-250 and silver 
staining. 
Band Id CBBR-250 Silver stain 
 Infected 
tissue 
Non infected tissue Infected 
tissue 
Non infected tissue 
1 244.88 241.09 263.84 253.18 
2 219.38 219.41 244.76 232.39 
3 193.63 202.62 226.44 211.77 
4 164.43 185.03 207.69 185.91 
5 152.53 168.20 200.19 178.53 
6 139.65 152.50 193.21 168.86 
7 117.03 139.63 178.98 134.22 
8 102.07 132.22 158.49 117.51 
9 93.63 117.77 134.22 102.89 
10 84.93 99.90 122.84 84.36 
11 71.61 84.98 117.37 71.64 
12 67.50 71.26 96.39 61.91 
13 58.01 53.93 84.65 50.41 
14 53.99 45.90 61.12 45.15 
15 45.71 40.33 56.14 40.78 
16 40.33 34.16 50.45 36.46 
17 34.17 30.15 45.87 34.22 
18 30.67 26.78 40.53 30.75 
19 26.68 21.16 36.65 26.78 
20 23.07 19.81 34.51 24.81 
21 21.16  30.24 21.16 
22 19.81  26.68 19.63 
23 17.33  21.16 17.64 
24   19.63 . 
25   17.92  
26   16.78  
27   14.52  
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2.5: Discussion 
A variety of  biochemical changes occur in hosts suffering from parasitic 
infections depending on the species of the parasites, sites of the host they invade and 
the worm burden (Esmaeilnejad et al., 2012; Ortolani et al., 2013; de Oliveira et 
al., 2013). In the present study we observed significant reduction in the glucose level 
of sera in H. contortus infected goats. As the worm burden increased there was a 
gradual decline in the glucose level, with heavily infected animals having the lowest. 
Pathak and Tiwari (2012) reported a similar condition in goats which were given 
different worm load of infective larvae of H. contortus. These results may be 
correlated to reduced food intake and poor absorption of the dietary constituents due 
to gastrointestinal disturbances caused by parasitic infections (Hayat et al., 1999). 
The significantly higher amount of cholesterol in infected animals may be attributed 
to the parasitic stress resulting  in increase of epinephrine and corticosteroids output. 
The elevated level of cholesterol in infected animals also reflects negative energy 
balance created by heavy load of parasitic burden, leading to enhanced lipolysis. The 
elevation of serum cholesterol has also been reported in buffaloes infected with 
Toxocara vitulum (Hayat et al., 1999). The level of urea, uric acid and creatinine was 
also found higher in infected animals that suggest an impaired regulation of renal 
tubular transport (Hiranyachattada et al., 2000). 
During the present study it was observed that serum proteins and albumin 
declined in infected animals. Similar results were also observed by Mir et al. (2007); 
Hosseini et al. (2012); Bordoloi et al., (2012); and Qamar and Maqbool (2012). 
Decline in the total serum proteins may be attributed to haemodilution, which is a 
compensatory mechanism for the abomasal haemorrhage caused by the parasite. 
Parasitic infection leads to the stimulation of epithelial cell proliferation and 
replacement of abomasum acid producing cells by immature cells, which also leads to 
the loss of serum proteins in the gut (Fox, 1993). The increased endogenous loss of 
protein in the gastrointestinal tract is partly as a result of leakage of plasma protein 
and also from increased exfoliation of gut epithelial cells as well as mucoprotein 
secretion (Poppi et al., 1986; Bown et al., 1991).  Leakage of large quantities of 
serum proteins into the gut has been reported in infected animals with H. contortus 
and mean daily faecal clearance of plasma of animal was found as 210–340 ml/day 
(Dargie, 1975).  Decline of albumin level in H. contortus infected animals may affect 
Chapter – 2          Haemato-Biochemical Effect Due to Haemonchus contortus Infection in Goats 
 
 107
the intravascular osmotic pressure (Nicholson et al., 2000). High level of globulin 
was noticed in infected animals which is similar to those reported by Diogenes et al. 
(2010) for H. contortus and Rumosa et al. (2010) for other gastrointestinal parasites. 
The increased level of globulin could be correlated with the increased production of 
acute phase protein due to tissue injury and inflammation caused by the parasite 
(Petersen et al., 2004; Lomborg et al., 2008). Increase in globulin level could be an 
adaptation to counter balance the intravascular osmotic pressure, which drops due to 
low albumin level. Payne and Payne (1987) reported that when there is low blood 
albumin, the level of globulin increases to counter balance the intravascular osmotic 
pressure. Ahmad et al. (1990) reported significant increase in gamma globulin, a 
fraction of globulin in H. contortus infected animals. Alteration in albumin and 
globulin levels in infected sera caused the reduction of A/G ratio as also reported by 
Hosseini et al. (2012) and Qamar and Maqbool  (2012). 
Serum minerals are involved in various fundamental physiological processes. 
A highly significant decline in the calcium and potassium level and increase in 
sodium concentration was observed in heavily infected goats when compared with the 
non-infected animals. Hosseini et al. (2012) also reported a significant decline in 
calcium concentration during H. contortus infection in sheep.  Sharma and Joshi 
(2002) reported marked rise in serum sodium level and a decline of serum potassium 
and calcium level in the sera of cattle infected with Setaria cervi. 
    Blood plays an important role in the general metabolism of the body. Packed 
cell volume, haemoglobin and mean corpuscular haemoglobin are major indices for 
the diagnosis of anaemia and are useful to monitor the capacity of bone marrow for 
erythropoiesis (Aster, 2004; Chineke et al., 2006). In the present study, significant 
decrease in Hb level, PCV and RBC count was observed in animals infected with H. 
contortus and can be correlated with was related to the worm burden. Similar results 
have also been reported by many workers (Leal et al., 2011; Hosseini et al., 2012; 
Qamar and Maqbool, 2012). The reduction in the values of these components in 
infected animals may be due to loss of blood during piercing of mucosa by the 
parasite and also by feeding of the worms, as both L4 and adults are haematophagous.  
Average blood loss due to H. contortus infection has been reported to be 0.05 ml per 
day per worm (Urquhart et al., 2000). The MCV and MCHC values revealed that 
heavily infected animals with H. contortus infection suffer from microcytic 
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hyperchromic anaemia. Whitlock (1950) reported that microcytic hyperchromic 
anaemia in sheep is predominant in H. contortus infection. 
A significant reduction in the WBC counts was seen which is at par with the 
observation of Rahman and Collins (1990); Leal et al. (2011); Qamar and 
Maqbool (2012) and Ortolani et al. (2013) in H. contortus infected goats and sheep. 
The sheep resistant to H. contortus had greater cellular immune responses as 
suggested by Ortolani et al. (2013) while studying  the relationships between the 
magnitude of abomasal worm burden and  white blood cell count. They found that as 
the worm burden increases the white blood cell count declines.  A significant decline 
in the serum WBC count of T. annulata infected buffaloes (Osman and Al-Gaabary, 
2007; El-Deeb and Younis, 2009) and cattle (Omer et al., 2002) was also reported. 
This decrease is related to the destruction of lymphocytes in lymphoid organs and 
infiltration of these cells into various organs (Sandhu et al., 1998). Eosinophilia was 
observed in goats, which was more pronounced in heavily infected animals with H. 
contortus, this finding is in agreement with previous reports (Leal et al., 2011; 
Ortolani et al., 2013). In contrast, Hosseini et al. (2012) did not find significant 
change in the eosinophil count in case of H. contortus. In the present study no 
significant change in eosinophil count was observed in   low infected animals. 
Increase in the eosinophil count is an indicator of infection by tissue invading 
helminth (Soulsby, 1982). The eosinophils mobilized against specific parasites were 
frequently found to cause immobility and death of larvae often in association with 
antibodies (Terefe et al., 2005). Parsani et al. (2011) while studying the haemato-
biochemical parameters reported that donkeys infected with helminth parasites had an 
increase in eosinophil counts in the blood. Pigs infected with T. spiralis and lambs 
infected with T. columbriformis also had elevated eosinophil counts (Ribicich et al., 
2007; Cardia et al., 2011).   
             Host reacts against parasites by a number of ways including the production of 
reactive oxygen species (ROS) by immune effector cells, which play a role in killing 
or expulsion of parasites from their host and thereby prevent the establishment of 
infection (Callahan et al., 1988; Smyth and Bryant, 1989; Batra et al., 1993; Ben-
Smyth et al., 2002). During this defense mechanism the host may undergo oxidative 
stresses, which develop due to imbalance between the generation and removal of ROS 
within the organism, causing  damage to biomolecules. Such damage may either be 
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due to depletion of antioxidant defense or increase in ROS production, or both 
(Halliwell and Gutteridge, 2007). The present study on the alteration in the 
antioxidant enzymes and oxidative stress of infected goats with H. contortus cannot 
be compared with previous reports as no published report is available from goats 
however; few studies are available on lambs. Machado et al. (2014) evaluated the 
levels of nitrate/nitrite, lactate dehydrogenase (LDH), advanced oxidation protein 
products (AOPP) and ferric reducing ability of plasma (FRAP) in sera of lambs 
infected with H. contortus. They reported significant decrease in the level of 
nitrate/nitrite and FRAP while, significant increase in the level of LDH and AOPP. 
Pivoto et al. (2015) determined the total oxidation status and antioxidant capacity of 
lambs infected with H. contortus and found increased oxidative stress in H. contortus 
infected sera of lambs.  
The activity of SOD and GPx declined whereas the activities of CAT, GST 
and GR increased in H. contortus infected animals. SOD neutralizes the superoxide 
anion, while GPx detoxifies hydrogen and lipid peroxides, formed as a result of 
membrane peroxidation (Andreoli, 1991). The decreased SOD activity could be 
explained by the O2− dismutation to hydrogen peroxide caused by the overproduction 
of the superoxide anion linked to oxidative stress (Santiard et al., 1995).  Similar 
result has been reported to occur in mice with S. mansoni (de Oliveira et al., 2013), 
cattle with E.  granulosus (Heidarpour et al., 2013a), sheep with D. dendriticum and  
F. hepatica  (Deger et al., 2008),  rats with F. hepatica (Kolodziejczyk et al., 2005, 
2006) and hamsters with D. dendriticum (Sanchez - Campos et al., 1999). Contrary 
to this no significant changes were observed for SOD activity in camel and sheep with 
E.  granulosus  (Heidarpour et al., 2012, 2013b). While an increase in the SOD 
activity was reported in T. saginata infected cattle (Łuszczak et al., 2011) and mice 
infected with S. mansoni (de Oliveira et al., 2013). GPx activity was also found to be 
lower in the infected group which is in accordance with the findings of Heidarpour 
et al. (2012) and Kolodziejczyk et al. (2005) in camel with E.  granulosus and  rat  
with  F. hepatica  respectively. In contrast to this, an increase in the activity of GPx 
was found by Heidarpour et al. (2013a) in cattle with E.  granulosus, Sanchez-
Campos et al. (1999)  in hamsters parasitized by D. dendriticum,  Benzer and 
Temizer-Ozan (2003) in sheep infected by F. hepatica,  Łuszczak et al. (2011)  in 
skeletal muscle of cattle with T. saginata and Deger et al. (2008) in liver infected 
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with D. dendriticum and  F. hepatica. While on the other hand, no significant 
differences were observed in sheep infected with E.  granulosus (Heidarpour et al., 
2013 b) and rat infected with F. hepatica (Kolodziejczyk et al., 2006).  
The rise in the activity of catalase, glutathione reductase and glutathione s-
transferase may be explained by the fact that oxidants activate gene expression 
through antioxidant responsive elements (Rushmore et al., 1991). A significant rise 
in the catalase activity was found in the infected animals as reported in hamsters with 
dicroceliosis (Sanchez- Campos et al., 1999),  F. hepatica in rat liver 
(Kolodziejczyk et al., 2005) and liver of mice infected with S. mansoni (de Oliveira 
et al., 2013). Contrary to this, catalase activity was reduced in T. annulata- infected 
buffaloes (El-Deeb and Younis, 2009). The upregulation in CAT activity is expected 
due to excessive peroxide production by leukocytes as also suggested by de Oliveira 
et al. (2013). The activity of GR was significantly increased in our study which was at 
par with the results reported by  Kolodziejczyk et al. (2006) in the serum of rat 
infected with F. hepatica. Whereas Kolodziejczyk et al. (2005) found that the level 
of GR was reduced significantly in liver infected with F. hepatica. Increased GST 
level was observed in our study, this enzyme  neutralizes toxin by conjugating them 
with glutathione  (Brophy and Pritchard, 1994). The rise may be in response to 
toxic secretions of parasites and the inflammatory response of the animals to the 
presence of the parasite. A similar rise in the GST activity was found in hamsters with 
D. dendriticum (Sanchez-Campos et al., 1999), mice with Ancylostoma caninum 
(Gollapudi and Vardhani, 2013) and during T. spiralis infection in muscles of mice 
(Derda et al., 2004). Increase in FRAP levels in sera of lambs was observed during 
infection with H.contortus (Machado et al. 2014). They suggested that FRAP levels, 
an indicator of total antioxidant capacity increased to minimize the effect of ROS 
produced during infection with H.contortus. 
Reactive oxygen species are produced by phagocytes with the aim to destroy 
parasite tissues. Unfortunately, the host’s defense mechanism is not specific, so 
destruction of its own tissues is possible. This reaction may lead to pathological 
processes. The level of O2- was found higher in infected animals and is related with 
worm burden. Similarly, increased level of O2- has been reported in F. hepatica 
infected animals (Abo-Shousha et al., 1999).  Lipid peroxidation was significantly 
enhanced in the infected tissue with H. contortus. Lipid peroxidation results in the 
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disarrangement and ultimately, disruption of cell membranes, which leads to cell 
death. During helminth infections, lipid per oxidation has been reported to be 
increased in a number of studies (de Oliveira et al., 2013; Heidarpour et al., 2012; 
2013b; Kolodziejczyk et al., 2005). Protein carbonyls are not only a good marker for 
oxidative damage but also oxidizing agent enhance oxidative damage to membrane 
protein principally in the form of disulphide skeleton proteins adducts causing 
denaturation and cytoskeleton instability (McMillan et al., 2005; Dalle-Donne et al., 
2006). The increased carbonyl protein in the infected tissue confirms enhanced release 
of free radical in the H. contortus infected cells. De Oliveira et al. (2013) reported an 
elevated level of protein carbonyls in the tissue of mice infected with S. mansoni. 
Increase in carbonyls proteins is directly related with the worm burden as also 
reported by Saleh et al. (2011). Increase in AOPP levels, an indicator of protein 
oxidation was observed in H.contortus infected lambs (Machado et al. 2014). The 
glutathione level was significantly reduced; it may be connected with enhanced 
oxidation of GSH into glutathione disulphide catalyzed by free radicals. As 
glutathione is the most important cellular antioxidant and plays a major role in 
protecting cells against oxidative stress (Shan et al., 1990). In healthy tissue, greater 
than 90% of the total glutathione pool is in the reduced form (GSH) and less than 10% 
exists in the disulfide form (GSSG). An increased GSSG-to-GSH ratio is considered 
indicative of oxidative stress (Halprin , 1967). It has been postulated that loss of GSH 
may compromise cellular antioxidant defenses and lead to the accumulation of 
reactive oxygen species. GSH administration to experimentally infected rats greatly 
reduces the damage to membrane lipids of the liver tissue (Maffei Facino et al., 
1993). Glutathione peroxidase and GSH represent a major pathway in the cell for 
metabolizing hydrogen peroxide and lipid peroxides. Therefore, depletion of GSH and 
suppression of glutathione peroxidase activity result in growing accumulation of 
peroxides up to toxic levels (Kolodziejczyk et al., 2006). Lipid peroxides and 
hydrogen peroxide are metabolized mainly by the glutathione system consisting of 
glutathione peroxidase, glutathione reductase and reduced glutathione. This system 
seemed to be inefficient in our study despite the evident increase in the activity of  
glutathione reductase. 
The elevation of serum and abomasal pathological marker enzymes such as 
AST, ALT, ALP and ACP level indicated some disruptive activities or of altered 
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membrane permeability. Similar result was reported by Bordoloi et al. (2012) and 
Sharma et al. (2001) in sheep infected with H. contortus, Manga-Gonzalez et al. 
(2004) in serum of lambs infected with D. dentriticum and by Kolodziejczyk et al. 
(2005) in the rat liver infected with F. hepatica.  
Observations, in the present study, on haemato-biochemical changes caused 
by haemonchosis in goat carry importance as they may indicate the extent of damage 
to the abomasal mucosa and thereby help in better understanding of the pathogenesis 
of anaemia especially in the absence of other possible factors which may influence 
these changes. It could be concluded that H. contortus plays an imperative task as an 
anemic and oxidative stressor on goats. 
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3.1: Introduction  
Histopathology is basically derived  from three Greek words: histos meaning 
"tissue", pathos meaning "suffering", and -logia " means study of" refers to 
the microscopic examination of tissue in order to study the manifestations of disease. 
The light microscope is most widely used in clinical diagnosis and to study the 
relationship between structures and physiological functions (Bancroft and Stevens, 
1990). The gastrointestinal tract of vertebrates is one of the most favourable habitats 
for the survival of parasites. The alimentary canal represents a habitat for numerous 
helminths that cause structural and functional changes in the digestive tract 
(Mathews, 1998;  Berrilli et al., 2012). Several methods have been used to examine 
the pathological effects in different hosts due to  parasite infection, among which 
histopathology provides clear insight about the pathological damages resulting from  
parasitic infection (Sołtysiak et al., 2014).  
 The stomach of ruminants consists of four chambers, the rumen, the 
reticulum, the omasum and the abomasum (Fig. 3.1). The rumen and reticulum 
contains a variety of microorganisms, that helps in the digestion of cellulose and 
thereby production of volatile fatty acids, which are the main source of energy in 
ruminants. The omasum has many folds, which are involved in the absorption of 
nutrients and water. Abomasum, the most distal part of the four chambers, is 
considered functional stomach and involved in the digestion of proteins by producing 
gastric acid and proteolytic enzymes (Mathews, 1998). The abomasum is further sub-
divided into fundic and pyloric regions. The fundic region is characterized by luminal 
folds covering the major parts of the abomasal surface whereas, the pyloric region is 
characterized by the presence of rugae. Histologically, the abomasal wall is divided in 
four layers, which are arranged from the outside to inside as: the serosa, the 
muscularis, the submucosa and the mucosa (Fig. 3.2 a). The mucosa consists of three 
layers, muscularis mucosa, lamina propria and surface epithelium. Surface epithelium 
contains many glands and secretory cells which secrete various enzymes (Figs. 3.2 b 
and c). 
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Fig. 3.1:  Stomach of ruminants, showing different chambers. 
 
 
 
 
Fig. 3.2: The details of histological structure of the stomach (a), surface 
epithelium (b) and arrangement of cells and their secretion (c). 
Taken from www.easynotecards.com. 
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           The stomach of ruminants is the most favourable habitat for a number of 
parasites. During establishment of the parasite in their microhabitat, a chain of 
dynamic interactions particularly physiological and immunological interactions occur 
at the host-parasite interface (Simpson, 2000). Study of these events can help us in 
better understanding of the host-parasite relationships and ability of the host to resist 
infections (Ortolani et al., 2013). The parasite induced pathological and 
immunological events at the interface provides an insight of the disease manifestation. 
The immunological and pathological response against gastrointestinal nematodes has 
been investigated by many workers (Rodrigues et al., 2004; Brener et al., 2006; 
Amarante et al., 2007; Borji et al., 2010; Cardia et al., 2011; Trapani et al., 2013; 
Craig et al., 2014) but unfortunately, the effect of Haemonchus contortus has not 
been studied in detail. Therefore, histopathological and histochemical changes taking 
place in the abomasum of infected goats with H. contortus was investigated. 
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3.2 :Historical Review  
Gastrointestinal parasites cause considerable damage to their hosts, which are 
usually a function of parasite density. Since, many parasites do not multiply within 
their hosts, therefore, the number of established parasites is equal to the number of 
parasites initially invading the host. The onset of recognizable disease symptoms 
depends upon the number of parasites present and physiological state of the host 
(Cheng, 1973).  Hoste and Mallet (1990) studied the effects of number of larvae of  
Trichostrongylus colubriformis  on the pathology of the host mucosa. They reported 
that  small number of worms induced only minor mucosal changes, whereas,  large 
number of parasite causes  severe lesions in the villi, marked hyperplasia in the crypt  
and drastic decline in enzyme activities. 
The damage caused by the parasite to their hosts and humoral reaction of the 
host against the parasite may be localized or spread all over the body depending upon 
the location of parasite on the host body. Hoste et al. (1993)  reported decline in 
enzymatic activities, abrasion in the villi and increased surface area of crypt due to 
presence of Nematodirus spathiger in the proximal part of intestine of rabbits, which 
is the main site of infection. Besides this the structural changes like hypertrophy of 
villi and crypt were also reported, without any changes in enzyme activities in the 
distal region of intestine. The degree of damage caused by the parasite to their host 
and intensity of host reaction depends upon the depth of parasite penetration within 
the host tissue (Taraschewski, 2000). The parasites which lack the specialized 
attachment organs are more pathogenic because they bury deep in the mucosa. 
Nematodes pierce into the mucosa of the host because they donot have specialized 
attachment organs like trematodes and cestodes which have suckers and hooks. 
Strongyles have large buccal capsules with the help of which they attach to the 
mucosa, pull out a plug of tissue and consume blood (Levine, 1980). Brener et al. 
(2006) compared the pathology caused by the trematode,  Paratanaisia bragai and 
nematode Heterakis gallinarum  in turkey and reported that the H. gallinarum cause 
intense inflammatory process that extend discretely to the sub mucosa while in case of 
P. bragai a discrete was present and in some cases this reaction was absent. The 
pathological effects due to various gastrointestinal nematodes in ruminants have been 
extensively reviewed by Hutchinson (2009). Displacement and flattening of  villi, 
mechanical injury, necrosis, epithelial damage at or near the point of penetration, loss 
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of acid-producing parietal cells, hyperplasia and metaplasia of the mucosa, catarrhal 
inflammation, haemorrhage and destruction of mucosa with the host cellular reactions 
have been reported due to larval and adult nematodes (Simpson et al., 1999; 
Hutchinson, 2009; Saminathan et al., 2015). The destruction of intestinal villi, 
necrosis of the tissue and degenerative changes in mucosal epithelia adversely affect 
the absorptive efficiency of intestine thereby affecting the health of the infected 
animals (Cardia et al., 2011). In addition to these events the secretion of various 
gastrointestinal glands were also found to be affected by parasitic infection including 
nematodes (Simpson et al., 1997; Fox, 1997; Tehrani et al., 2012). The other 
histopathological changes related to the parasitic infection were reported as formation 
of lesions, ulcers, nodules, diverticula, calcareous, collagenous or fibrous capsules 
around the parasite, fibrosis and the appearance of granuloma (Tehrani et al., 2012;  
Othman et al., 2016). The excretory- secretory products of the parasite have been 
shown to cause extensive damage to the host tissue (Simpson et al., 1997; Fox, 1997; 
Gajewska et al., 2006). The activity of brush border enzymes decreases due to 
parasitic infections and it has been suggested that it could be due to mucosal damage 
(Jones, 1983). Marked alterations have been reported in the absorptive surface of 
infected intestine, like shortening of the villi and loss of microvilli due to Ascaris 
suum infection in pigs (Stephenson et al., 1980; Forsum et al., 1981), villus atrophy 
in the calves infected with T. colubriformis and Nematodirus battus (Coop et al., 
1973; Shayo and Baenz, 1979). Castro et al. (1967) reported malabsorption of 
nutrients in experimentally infected guinea pigs with Trichinella spiralis and 
suggested that this was due to flattening of the mucosa and fusion of the villi. 
Gajewska et al. (2005) reported that Fasciola hepatica cause intensive haemorrhagic 
lesions in the liver of host.  
Over secretion of mucous at the host parasite interface may be a consequence 
of host reaction for defense, as mucous layer in the gastrointestinal tract forms the 
first line of defense for microorganisms, parasites and their toxins. Mucins or mucus 
glycoproteins are one of the most important components of the mucus barrier. 
Alteration in mucin production and glycosylation occurs during parasitic infection, 
which may be related to the capacity of the host to expel gastrointestinal nematodes 
(Rowe et al., 2009; Rinaldi et al., 2011). Hyperplasia of mucin-secreting goblet cells 
has been reported for a number of gastrointestinal infections (Frick, 1984; Khan et 
al., 1995; Ishikawa et al. 1997; Khan et al., 2001; Khan and Collins, 2004; 
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Hasnain et al., 2010; Rinaldi et al., 2011). In addition to this an increase in the 
number of goblet cell and alteration of terminal sugars of goblet cell mucins have 
been observed around the time of worm expulsion in Nippostrongylus brasiliensis 
infected rats (Koninkx et al., 1988; Ishikawa et al., 1993 ; Li et al., 2009).  
Histopathological changes have been reported due to infections by many 
nematodes like,  Trichuris globulosa, T. barbetonensis and Haemomchus longistipes 
(Borji et al., 2010); Ostertagia ostertagi (Simpson et al., 2009);  Cooperia punctate 
(Rodrigues et al., 2004; Stromberg et al., 2012); T. spiralis (Franssen et al., 2011; 
Othman et al., 2016); Strongyloides papillosus (Pienaar et al., 1999);  
Trichostrongylus axei, Oesophagostomum radiatum, O. venulosum, Bunostomum 
trigonocephalum (Hutchinson, 2009), T. colubriformis (Amarante et al., 2007; 
Cardia et al., 2011) , H. contortus (Balic et al., 2002; Ortolani et al., 2013; 
Saminathan et al., 2015). In all these studies an intense inflammatory response with 
cellular infiltration has been reported at the site of infection and these cells were 
described as fibroblast, macrophages, lymphocytes, plasma cells, mast cells 
neutrophils and eosinophils. The ability of host to develop immunity and express 
resistance against gastrointestinal nematode depends upon a number of factors like 
breed, age, worm burden and nutrition (Stear and Murray 1994; Hoste et al., 2005; 
Rowe et al., 2008). Amarante et al. (2007) found an inverse relationship between 
inflammatory cells and worm burden in sheep infected with T. colubriformis and 
suggested that this condition possibly impaired establishment, development, and 
survival of parasite. Winter et al. (1997) found increased number of inflammatory 
cells in infected lambs during the period of the rejection of adult N. battus. Harrison 
et al. (1999) showed that immunized sheep with L3 larvae of T. colubriformis have 
greater numbers of mast cells and leucocytes as well as higher antibody and histamine 
levels after challenge infection. Lacroux et al. (2006) and Rowe et al. (2008) studied 
the H. contortus infection in lambs and reported that eosinophil, mast cell and 
leukocyte number were negatively correlated with worm size and fecundity.  
Majority of the available pathological studies due to H. contortus infection 
was carried out in sheep however, only few studies are present in goats. As compared 
with sheep, goats develop a reduced immune response against nematodes, which has 
implications in pathology and control of infections (Hoste et al., 2008). On the basis 
of comparison between faecal egg counts of adult sheep and goats, grazing at same 
pasture, Pomroy et al. (1986) reported marked increase in the faecal egg counts of 
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goats than sheep and suggested that such difference may be due to poor immunity of 
goats. Watson and Hosking (1989) compared worm count from young goats and 
lamb which were allowed to graze on same naturally infected pasture. By postmortem 
examination after 23 weeks they reported low worm burden in sheep as compared to 
goats and suggested   that lambs are more resistant to the parasitic infection as they 
are able to elicit a strong immune response. Williams et al. (1983) while comparing 
the effect of experimental and natural infection of calves with Bunostomum 
phlebotomum reported severe pathological response in intestine of experimentally 
infected calves.  
Most of the available pathological studies due to H. contortus have been 
carried out on experimentally infected goats. Pérez et al. (2001) while studying the 
pathology of the abomasum and abomasal lymph nodes in experimentally infected 
goats with H. contortus, found a marked increase in the secretion of mucus by mucous 
cells together with an abundant infiltration of eosinophils, mast cells, T- lymphocytes, 
B- cells, plasma cells and globule leukocytes in the abomasal mucosa. Bambou et al. 
(2013) studied the effect of H. contortus on local cellular responses in experimentally 
infected resistant and susceptible young goats and reported an increase infiltration of 
eosinophils, mononuclear cells in both resistant and susceptible breeds. Whereas, the 
leukocytes infiltration was found higher in the resistant goats. This seems that   status 
of the host affect the globule leukocyte counts but not on the other inflammatory cells. 
However, only few scattered information are available on naturally infected goats 
with H. contortus. Thus the present study was undertaken to investigate the 
histopathological and histochemical changes in the abomasum of goats naturally 
infected by H. contortus as well as to establish the host response against the parasite 
which may be helpful in understanding the host parasite relationship. 
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3.3: Materials and Methods 
(I) Preparation of solutions 
(a) Fixative : 
(i) Bouin’s fixative (Alcoholic) for light microscopy 
Picric acid               : 1g 
Glacial acetic acid      : 15 ml 
40% Formaldehyde     : 60 ml 
80% Ethyl alcohol      : 150 ml 
1 g of picric acid was dissolved in 150 ml of 80% ethyl alcohol and filtered in a 
volumetric flask. Formalin and glacial acetic acid were added as given above. 
(ii) Glutaraldehyde fixative for electron microscopy: Paraformaldehyde solution 
was made in 100 ml distilled water by dissolving 4 g dry powder (EM grade) in 
conical flask at 60 °C. A drop of 0.1 N sodium hydroxide may be used if it doesn’t 
dissolve properly. The solution was cooled, filtered and then equal volume of 0.2 M 
phosphate buffer (pH 7.4) was added in the paraformaldehyde solution to make it 2 % 
solution. To make 100 ml fixative, 10 ml glutaraldehyde solution was added to 90 ml 
of 2% paraformaldehyde solution. 
(b) Graded series of alcohol: 95% ethanol was used for preparing different grades of 
alcohol. 
The following formula was used for the preparation of the grades:  
Volume of alcohol required =       % of alcohol required × volume required 
                                                                    % of alcohol available 
(c) Adhesive: Mayer’s albumen 
 egg white                       : 1 part 
 glycerin                         : 1 part 
 First the egg white was beaten to make it slightly frothy, then glycerin was added in 
equal parts. The solution was mixed well and stored in the refrigerator at 4 °C  
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(d) Stains 
(i) Ehrlich's haematoxylin : 
 Haematoxylin                                : 6 g 
 Absolute alcohol                            : 300 ml  
 Distilled water                               : 300 ml  
 Glycerol                                         : 300 ml  
 Glacial acetic acid                         : 30 ml  
 Potassium alum                              : 30 g 
Haematoxylin was dissolved in absolute alcohol and other reagents were added in the 
given order. Alum was added until the solution becomes saturated. The prepared 
solution was covered with a loose cotton wool or gauze and exposed to sun light for 4 
to 6 weeks for ripening.  
(ii) Alcoholic Eosin: Alcoholic eosin was prepared by dissolving 1 g eosin Y in 100 
ml alcohol (95%). 
(iii)Toluidine blue: 
(a) Toluidine blue stock solution: 1 g of toluidine blue powder was dissolved in 
100ml of 70% alcohol to prepare the stock solution. 
(b)Sodium chloride: 1% (w/v) sodium chloride solution was made in distilled water. 
The pH was adjusted to 2.0 using glacial acetic acid. 
(c)Toluidine blue working solution (pH 2.5): Equal volume of toluidine stock 
solution and 1% sodium chloride were mixed to prepare the working solution.    
(iv) Per Iodic acid Schiff’s Reagent (PAS):  
(a) 0.5 % periodic acid solution: 5 % (w/v) of per iodic acid solution was prepared 
in distilled water. 
(b) Schiff’s Reagent: Schiff’s reagent was prepared by adding 1.0 g of basic fuschine 
in 200 ml of distilled water and boiled. After cooling 20 ml of 1M HCl and 10ml of 
10 % sodium metabisulphite was added and mixed. Then 2.0 g of activated charcoal 
was added and the solution was filtered. The solution was stored in the tightly packed 
brown bottles at 4° C. 
(v) Alcian blue: 1g of alcian blue was dissolved in 100ml of 3% acetic acid (pH 2.5). 
A crystal of thymol was added and stirred well. After stirring the solution was filtered. 
(II) Measurement of abomasal pH: Abomasa were collected from naturally infected 
goats (Capra aegagrus hircus), slaughtered at the local abattoir and brought to the 
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laboratory. It was opened longitudinally and the pH of abomasal content was 
measured with a pH meter (Bio-matrix, India).  
(III) Histopathological and histochemical study: Small pieces of abomasa from 
infected and non-infected goats were fixed in Bouin’s fixative for about 72 h. After 
fixation the tissues were washed with 70% alcohol to remove the picric acid. The 
samples were then dehydrated through a series of alcoholic grades and cleared in 
xylene. Paraffin wax was used as the embedding medium.  
Section cutting: Sections of 2-5 µm thickness were cut on rotatory microtome and 
were floated on albumin coated slides. The sections were stretched by warming the 
slides on the stretching box. The slides were dried and used for various 
histopathological and histochemical tests by specific staining procedure as described 
by Pearse (1975). The sections were stained with haematoxylin- eosin for 
histopathological changes and with toluidine blue for mast cell localization while, 
PAS and alcian blue staining were used for localization of mucin. 
Photography: All microphotographs were taken on the light microscope (Olympus 
BX51, Japan) attached with digital microscope camera Prog Res® C5 (Germany).                
(IV) Transmission electron microscopy: Small pieces (2×2 mm) of abomasum were 
washed with HBSS and fixed for 12 h at 4°C in 2 % aqueous glutaraldehyde (pH 7.4). 
After fixation,  the tissue were washed with cold  0.1M phosphate buffer (pH 7.4)  at  
4 °C  with 3 × 60 min change and then post fixed in  4% osmium tetra oxide prepared 
in 0.1 M phosphate buffer  (pH 7.4)  for 2 h at 4 °C. After post fixation, the tissue 
were washed with distilled water by giving 3× 10 min changes at 4 ºC and then 
transferred in 0.5 % uranyl acetate at 4 °C for 12 h. After dehydration with graded 
ethanol,  samples were embedded in 100 % resin at 60-70 °C for about 7-8 h. Thin 
ultra-sections were cut on ultra-microtome Leica Ultracut UC6 (Germany) and the 
specimens were viewed at different resolution on Transmission electron microscope, 
TECNAI 200 Kv TEM, (Fei, Electron Optics, U.S.A). 
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3.4: Result               
Macroscopic observation of abomasum revealed excess secretion of mucous, 
development of  oedematous folds, change in colour from pale to pink and white 
nodules in infected as compared to non-infected abomasa (Figs. 3.3 a and c). Petechial 
haemorrhage were also observed in the mucosa at the piercing site of the parasite 
(Fig. 3.3 b). Besides this, a gradual increase in the pH of abomasal content was also 
observed which was related with worm burden (Table 3.1). 
  Damage of epithelial lining (Figs. 3.4 b and d), necrosis of the tissue (Fig. 3.4 
c) , catarrhal inflammation (Fig. 3.4 c) and hyperplasia of goblet cells and gastric 
glands (Fig. 3.4 f) were observed in the infected tissue as compared to non-infected 
tissue (Figs. 3.4 a and e). The thickness of mucosal layer is significantly higher in the 
infected abomasum with H. contortus than in the uninfected. Large numbers of 
fibroblasts were observed surrounding the L4 larvae (Figs 3.5 c-e) when compared to 
non-infected tissue (Figs. 3.5 a-b). Intense cellular infiltration around L4 larvae and 
adult worms was also noticed (Figs. 3.5 c and f). The infiltrated cells were identified 
as eosinophil, neutrophil, macrophages, lymphocyte, plasma cell and mast cell (Figs. 
3.5 d, e, g and h). Lymphocytes were predominant among the inflammatory cell that 
might be a manifestation of strong immune response of the host.  
A large number of mast cells were found in the mucosa and submucosa of 
infected tissue as compared to non-infected tissue (Figs. 3.6 b-d). Heavy infiltration of 
mast cell with electron dense cytoplasmic granules were observed in Transmission 
electron microscopy (TEM) (Fig. 3.7 b).  
Histochemical alterations in the abomasum due to H. contortus infection were 
very prominent. A marked increase in the deposition of neutral mucin and acid mucin 
was observed by PAS and alcian blue staining respectively in the infected tissue 
(Figs.3.8 c and d) as compared to non-infected tissue (Figs. 3.8 a and b). The 
increased neural mucin secretion was observed in the vicinity of the parasite and up to 
the base of the lamina propria in the infected tissue (Fig. 3.8 c). The acid mucin 
secretion was also increased in the mucosa (Fig. 3.8 d). When the comparison was 
done between the acid mucin and neutral mucin secretion in the vicinity of the 
parasite, neutral mucin secretions were greatly enhanced. The gastric glands were 
fully filled with mucin (Figs. 3.8 e and f).   
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Table 3.1: Effect of Haemonchus contortus infection on the abomasal pH. 
Tissue Abomasal pH 
Non-infected 2.64 ± 0.18 
Low infected 3.23 ± 0.19
#
 
Mild infected 4.10 ± 0.23* 
Heavily infected 5.70  ± 0.32** 
 
All values are mean  ± S.E of three replicates. 
Level of significance was calculated by one way ANOVA followed by Post hoc 
Tukeys test. 
# non-significant  
* significant at p ≤ 0.05 
** significant at p  ≤ 0.001 
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Fig. 3.3: Pathological changes in infected abomasum due Haemonchus contortus. 
               Photographs showing the enlargement of abomasal folds in infected (I) 
as compared to non-infected (N) host’s tissue (a).  
                Photographs showing excess secretion of mucous and petechial 
haemorrhage (arrows) at the piercing site of the parasite (b). 
                Photographs showing formation of white nodules (circle) in the infected 
abomasum (c). 
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Fig. 3.4: Histological sections of abomasum  showing histopathological changes 
due to Haemonchus contortus, stained with haematoxylin and eosin. 
 
Photomicrographs of non-infected abomasum showing intact mucosal 
layer (M) and normal gastric glands (G) (a and e).  
Photomicrographs of infected tissue showing increase in the thickness 
of the mucosa (b), catarrhal inflammation at the host parasite interface 
(c),  penetration of parasite (P) in the mucosa, destruction of the glands 
and necrosis of the tissue in the vicinity of adult parasite (d) and 
hyperplasia of the gastric glands (G) (f).  
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Fig. 3.5: Histological sections of  abomasum showing intense cellular infiltration 
in  infected tissue with Haemonchus contortus. The sections were stained 
with haematoxylin and eosin. 
               Photomicrographs of non-infected tissue (a,b). Note the absence of  immune cells. 
  Photomicrographs of infected abomasum having L4 larvae (L), showing heavy cellular 
infiltration around the larvae. The infiltrated cells were lymphocytes, plasma cells, 
macrophages, neutrophils and eosinophils. Note the presence of large number of 
fibroblast (c-e). 
Photomicrographs of infected abomasum having adult parasite showing cellular 
infiltration in the vicinity of the parasite (f – h).  
Orange arrow = fibroblast, green arrow = neutrophils, yellow arrow = eosinophils, red 
arrow = lymphocytes, black arrow = plasma, cells, blue arrow = macrophages.  
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Fig. 3.6: Histological sections of abomasum infected with Haemonchus contortus showing mast 
cells. The sections were stained with toluidine blue for mast cell localization.  
Photomicrographs of non-infected tissue (a)  
Photomicrographs of infected tissue (b-d) showing infiltration of mast cell (red 
arrows).  
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Fig.  3.7: Transmission electron micrographs of non-infected (a) and infected (b)  
abomasum with Haemonchus contortus showing the presence of 
electron dense cytoplasmic granules in mast cell of infected tissue.  
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Fig.  3.8:  Histological sections of abomasum from non-infected and infected 
goats with Haemonchus contortus, stained with PAS (a, c and e) and 
Alcian blue (b, d and f). 
Photomicrographs of non-infected tissue showing slight secretion of 
mucous (a and b). Photomicrographs of infected tissue showing the 
excess secretion of mucous around the vicinity of parasite (P) (c and d). 
Inset at higher magnification. Differences were also observed in the 
differential distribution of neutral and acid mucin. Gastric glands were 
fully filled with neutral and acid mucin (e and f).  
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3.5: Discussion 
   The pathology caused by parasites and the host reaction in response to 
parasitic infection depends on the parasite attachment organs, depth of penetration, 
site of location and worm burdens (Taraschewski, 2000; Esmaeilnejad et al., 2012; 
de Oliveira et al., 2013). The gastrointestinal nematodes cause weight loss, 
mechanical injury, anaemia, necrosis, displacement and flattening of the villi, 
haemorrhagic gastritis (Saminathan et al., 2015; Othman et al., 2016; Dever et al., 
2016). In heavy infection, the deaths of the animals occur without any clinical signs 
(Soulsby, 1982). Pathogenicity caused by hookworm is mainly due to loss of blood 
during their attachment for feeding (Cantacessi et al., 2010).  
Oedematous folds, petechial haemorrhage and nodule formation in the 
infected abomasum may be due to piercing activity of the worm for feeding on blood 
as it is a voracious blood feeder (Soulsby, 1982). Similar changes in the infected 
abomasum have also been reported due to H. contortus infection in sheep (Perez et 
al., 2001; Mir et al. 2007; Tehrani et al., 2012). Alteration in the physico-chemical 
properties of mucous have been reported due to many gastrointestinal nematodes 
(Ishikawa et al., 1993; Khan et al., 2001; Ingham et al., 2008; Hasnain et al., 
2011; Rinaldi et al., 2011). Over secretion of mucous in the parasitized abomasum 
may be due to host reaction against parasite for their defense, as it has been reported 
that mucous layer acts as physical barrier for microorganisms, parasites and their 
toxins (Lamont, 1992; Nickol, 1995; Atuma et al., 2001; Bosi et al., 2005). Mucous 
has also been shown to inhibit motility and feeding capacity of parasite (reviewed by 
Kim and Khan, 2013). Excess mucous secretion and increase in the number of goblet 
cells have been reported due to many intestinal helminth (Miller, 1987; Ishikawa et 
al., 1993; Bosi et al., 2005; Irshadullah and Mustafa, 2010; 2012; Cardia et al., 
2011; Rinaldi et al., 2011). Host intestinal mucous was detected in the intestine of N. 
brasiliensis by immunoperoxidase staining using polyclonal antibody raised against 
rat mucus (Miller, 1987). Strong reaction of acidic and neutral mucin was observed in 
the cells of infected mucosal layer, which are indicative for increase mucous secretion 
in parasitized abomasum. Acidic glycoconjugates are known to be more defensive 
than neutral ones towards intestinal contents (Domenghini et al., 1998). Necrosis of 
the tissue in infected abomasa may affect the digestive physiology of the host as it has 
been reported that gastrointestinal nematodes inhibit acid secretion and reduce 
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pepsinogen activation (see review by Simpson, 2000). Necrosis of the tissue has been 
reported in calves infected with O. ostertegia (Murray et al., 1970), T. axei (Ross et 
al., 1971) and sheep infected with O. circumcincta (Scott et al., 2000). They 
suggested that the oxidative burst of ROS from neutrophils and eosinophils were 
responsible as there was accumulation of large number of inflammatory cells in the 
necrotic tissue. Thickening of mucosal layer was also observed in infected abomasum 
as compared to non-infected abomasum. Similar to those reported by Scott et al. 
(1998) due to O. circumcincta in sheep and Hasnain et al. (2010) due to T. muris in 
mice. 
The pH of abomasum increased considerably during the present study which 
was positively correlated with worm burden. Similar increase in pH has also been 
reported due to H. contortus infection in sheep (Mir et al., 2007; Simpson et al., 
1997). The increase in pH may be due to inhibitory effect of parasite on the parietal 
cells leading to less secretion of HCl. The effect of nematode parasite on parietal cell 
has been reviewed by Schubert (1997; 1999) who reported that parasites may inhibit 
the parietal cells through excretory/secretory (ES) chemicals which block the proton 
pump or interfere with the complex physiological regulation of the parietal cells. Loss 
of parietal cells is seen as early as one day after transfer of adult O. circumcinta 
(Scott et al., 2000) and the number of cells is halved after 8 days (Scott et al., 1998). 
Chronic fibrous inflammation leading to an increased amount of connective 
tissues and thickening of mucosal layer with heavy cellular infiltration was noticed. 
The cellular infiltration around the vicinity of worms indicates the involvement of cell 
mediated immunity against parasite. Similarly, accumulation of host cells has also 
been reported due to various gastrointestinal nematodes (Rodrigues et al., 2004; 
Brener et al., 2006; Amarante et al., 2007; Simpson et al., 2009; Cardia et al., 
2011). The infiltrated cells were identified as lymphocytes, eosinophils, neutrophils, 
macrophages, plasma cells and mast cells in the vicinity of the parasite. These cells 
may have a role in delaying the development of the parasite, decreasing the faecal egg 
output (Lacroux et al., 2006) and in the resistance to parasitic infection (Perez et al., 
2001; Shakya et al., 2009; Cardia et al., 2011). Increase in number of eosinophils in 
the mucosa is a prominent feature of gastrointestinal nematode infection as their 
primary function is defense against organism that is too large to be phagocytized 
(reviewed by Onah and Nawa, 2000). During helminth infection, eosinophils are 
released more rapidly from the bone marrow, within 1 h of stimulation (Collins et al., 
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1995), the rate of bone marrow eosinophilopoiesis increases and their survival in 
tissue is also enhanced (Gon et al., 1997; Simon, 1997). Increased number of mast 
cells in the infected abomasal mucosa could be correlated with the defense 
mechanism of the host. It may be possible that the infiltrated mast cells adversely 
affect the parasite and thereby prevent their establishment, as it has been shown that 
mast cells are involved in the expulsion of helminth parasites in intestine by 
increasing the permeability (McDermott et al., 2003). 
 From the present study it can be concluded that the host use multiple 
mechanism to defend themselves from parasites. The inflammatory response and 
alteration in gut physiology together create hostile environment which may affect the 
survival of the parasite. 
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4.1: Introduction 
Reactive oxygen species (ROS) like hydrogen peroxide (H2O2), superoxide 
anion (O2-), and hydroxyl radical (OH•) are chemically reactive molecules, which are 
generated by mono- or divalent reduction of molecular oxygen (Halliwell and 
Gutteridge, 2007). These activated oxygen species are associated with various 
physiological and chronic pathological events (Cross et al., 1987; Halliwell and 
Gutteridge, 2007; Valko et al., 2006; Rahman, 2007). The level of ROS increases 
significantly during stress, which cause damage to cell structures and therefore, levels 
of free radicals are considered as markers for cellular injury or cell death (Valko et 
al., 2005, 2006). The normal level of ROS is useful for cell signaling and homeostasis 
but increased production of ROS causes oxidative stress leading to pathological 
disorders (Sies, 2000; Lopaczynski and Zeisel 2001; Glade, 2003; Poli, 2004; 
Rahman, 2007). Oxidative stress results when the intracellular concentration of ROS 
increases over the physiological values and the biological effects of ROS on 
intracellular targets depend on the concentration of ROS (Weydert and Cullen, 
2010).  
All organisms, from protozoa to metazoa protect themselves against oxidative 
stress by using their enzymatic and non- enzymatic antioxidant systems (Sies, 1993; 
Finkel and Holbrook, 2000). Antioxidants have been categorized into three main 
group, primary, secondary and tertiary (Rahman, 2007). The primary antioxidants 
include SOD, GPx and CAT, which decrease the level of reactive oxygen species and 
are considered as first line of defense whereas, the secondary antioxidants like 
glutathione, tocopherol, ascorbic acid, beta carotene, bilirubin and albumin trap free 
radicals and prevent their amplification. Among these, the glutathione plays a 
fundamental role in scavenging free radicals and electrophilic xenobiotic and act as 
substrate for GPx and GST. The tertiary antioxidants include DNA repairing enzymes 
and methionine sulphoxide reductase, which prevent the DNA and protein damage 
from ROS, respectively. Since, the survival of parasite in host, depends upon the 
neutralization of host’s defense system (Maizels et al., 1993), therefore, parasites 
either reduce the production of ROS by causing alteration of host metabolism or 
suppress the host-generated oxidants by increasing the production of their scavenging 
enzymes (Callahan et al., 1988; Brophy and Pritchard, 1994; Rashid and 
Irshadullah, 2014). It has been reported that exposure to ROS elicits an up regulation 
Chapter-4             In vitro effect of reactive oxygen species (ROS) on adult Haemonchus contortus. 
 
 162
of genes, encoding various antioxidant enzymes in S. mansoni (Vermeire and 
Yoshino, 2007). Thus, antioxidant enzymes are being considered as important 
protecting factors in a number of parasites (Callahan et al., 1988; Duhrsen and 
Kamptter, 2001; Chiumiento and Bruschi, 2009). 
Many workers have demonstrated the involvement of  ROS in killing or 
expulsion of helminth parasites from their host by in vivo studies, (Smith and 
Bryant, 1986, 1989; Batra et al., 1993; Ben-Smith et al., 2002), however, only few 
information are  available on  the in vitro effect of free radicals on H. contortus. 
Therefore, in the present study the effect of in vitro generated ROS on male and 
female H. contortus was investigated to determine whether, this parasite is able to 
protect itself against oxidative threat or not.   
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4.2: Historical Review 
The effect of ROS on parasites and the role of the antioxidant enzymes have 
been investigated by many workers. Smith et al. (1992) determined the free radical 
generation from peritoneal leukocytes of rodents by challenged infection with 
Fasciola hepatica and reported that resistant host generates more free radicals than 
susceptible host does. The ROS help the host to prevent the establishment of the 
parasite. Brophy and Pritchard (1992) reported that free radicals initiate lipid 
peroxidation, causing the discharge of cytotoxic peroxides and carbonyls into the cells 
of organism. Smith and Bryant (1989) while studying the free radical generation 
during primary infections with Nippostrongylus brasiliensis found a close association 
between the timing of N. brasiliensis expulsion and enhanced production of free 
radicals by peritoneal cells with increased rate of lipid peroxidation in the gut. Smith 
and Bryant (1986) have shown by experimental infection of N. brasiliensis and 
Nematospiroides dubius in rodents that adult N. brasiliensis are expelled from the 
host’s intestine within 10 –12 days after infection, whereas N.  dubius persist for 
several months. Such differences were due to differential level of antioxidant enzymes 
in these parasites, as N. dubius produces double amount of SOD and four times 
catalase and glutathione reductase as compared to N. brasiliensis. By in vitro studies, 
Piedrafita et al. (2000) reported that the larvae of Schistosoma mansoni were killed 
by free radicals, whereas the juvenile of F. hepatica are resistant, because the juvenile 
of F. hepatica has 10-fold higher superoxide dismutase and glutathione peroxidase 
than Schistosomula. Kazura et al. (1981) investigated the role of hydrogen peroxide 
by in vitro studies and reported that oxygen free radicals are toxic to Schistosomes and 
are responsible for their killing.  Barrett (1991) investigated the toxicity of aldehyde 
(a product of lipid peroxidation) on adult S. intercalatum in vitro, and reported that 
the toxicity of aldehydes to parasites decreases due to conversion of toxic aldehydes 
into their corresponding alcohols or glutathione conjugates. Mkoji et al. (1988a, b) 
examined the antioxidant systems of S. mansoni, found a correlation between 
susceptibility to oxidant killing and the level of scavengers of hydrogen peroxide and 
oxygen free radicals, and suggested that the antioxidant enzymes play an important 
role in the protection of the adult worms against oxidant killing. Kazura and Aikawa 
(1980) studied the host defense mechanisms against Trichinella spiralis infection in 
mice and reported a positive correlation between the levels of the primary defense 
Chapter-4             In vitro effect of reactive oxygen species (ROS) on adult Haemonchus contortus. 
 
 164
enzymes and parasite survival. Liebau et al. (2000) studied the in vitro effect of 
oxidative burst on gene transcript levels in  Onchocerca volvulus and reported up 
regulation of a glutathione S-transferase gene in response to oxidative stress. Ben-
Smith et al. (2002) studied the effect of oxygen radicals and differential expression of 
catalase and superoxide dismutase in adult Heligmosomoides polygyrus and reported 
that host-derived free radicals cause more damage to male as compared to female and 
female worms can increase production of their scavenging enzymes in response to 
host defense. Zelck and Von Janowsky (2004) reported increased transcription of 
SOD, GST and GPx in ROS exposed miracidia, sporocyst and cercariae of S. 
mansoni.  Kotze and McClure (2001) demonstrated the protective role of catalase in 
H. contortus by inhibition studies as, the inhibition of catalase increases the 
susceptibility of this parasite to hydrogen peroxide. Kotze (2003) examined the effect 
hydrogen peroxide, generated in vitro by using glucose/glucose oxidase system on 
catalase activity of H. contortus and reported that the activity of catalase increases 
after exposure to hydrogen peroxide, which may be crucial against reactive oxygen 
species generated by host’s phagocytes in vivo. 
The available literatures reveal that only limited studies carried out on the in 
vitro effect of free radicals on H. contortus. The present study was therefore, 
undertaken to find out the effect of ROS, generated in vitro by xanthine /xanthine 
oxidase (X/XO) system on H. contortus. Besides this, the role SOD and catalase was 
also examined by adding known concentration of these enzymes in the incubation 
medium. 
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4.3:Materials and Methods 
(I) Collection of Parasite: The parasites were collected from the naturally infected 
goats (Capra aegagrus hircus), slaughtered at the local abattoir (Aligarh, India). The 
worms were washed several times with Hanks’ balanced salt solution (HBSS), 
premaintained at 37 ± 2oC to remove all the debris. Male and female worms were 
separated based on the presence of bursa in males and barber pole appearance in 
females and were exposed separately to in vitro generated reactive oxygen species 
(ROS). 
(II) ROS generating system: Reactive oxygen species were generated by using 
xanthine (X)/xanthine oxidase (XO) system as described by Duell et al. (1995) with 
some modification. The reaction mixture contains, X, XO and EDTA. Xanthine 
oxidase catalyses the oxidation of xanthine to uric acid and  the univalent and divalent 
reduction of molecular  oxygen to generate both superoxide anion (O2- ) and hydrogen 
peroxide (H2O2). The reactions catalyzed by XO are as follows: 
X + H2O + 2O2                 Uric acid + 2O2- + 2H+ 
X + H2O + O2                   Uric acid + H2O2 
About 20% of the reduction of oxygen is univalent and the rest is divalent (Fridovich, 
1970). In addition to these peroxides, secondary radicals such as highly reactive 
hydroxyl radical (OH•) may also form through the catalytic action of transition metals, 
particularly iron, in a Haber-Weiss reaction. The presence of trace amounts of 
transition metals can be  overcome by the addition of  chelating agent DTPA 
(diethylene triamine pentaacetic acid), which is very effective in limiting the 
generation of hydroxyl radical by removing the metal, catalysed Haber-Weiss reaction 
in the xanthine oxidase system. Three different protocols were used to study the effect 
of ROS. 
(III) Treatment of parasite with ROS: The separated male and female worms were 
used for X/XO exposure experiment. After washing with RPMI-1640 medium 
(Himedia), worms were incubated in 15 ml culture medium containing  X at a final 
concentration  of 50 µM and XO  at a variable final concentration, depending upon 
types of experiment.  All cultures receive DTPA at a final concentration of 50 µM. 
The final concentration of all the chemicals was calculated in a total volume of 15 ml.  
After exposure at desired concentration of XO and exposure time, worms were 
isolated and used to analyse the survival rate by counting live and dead worm, their 
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antioxidant enzymes by spectrophotometric methods and topographical damage by 
scanning electron microscopy. Three independent experiments were performed, to 
study the effect of ROS.  
(a) Effect of different concentration of XO: Equal numbers of male and female 
worms (25) were incubated for 4 h in culture medium (RPMI-1640), having X 
(50µM), DTPA (50µM) and XO at a final concentration of 10, 20, 30, 40 or 50 µM.  
The reaction for ROS production was started by adding XO to the culture medium and 
mortality was calculated. Controls without XO were also run simultaneously. 
 (b) Effect of exposure time: To find out the effect of exposure times, worms were 
exposed to fixed concentration (50 µM) of XO for variable times (0.5, 1, 2, 4, 6 h) 
and after exposure, the mortality was calculated as described above. The other 
conditions for incubation of worms were essentially the same as described above. 
(c) Effects of antioxidant enzymes: In order to find out the protective role of ROS 
scavenging enzymes on worm mortality and topographical damage, SOD and catalase 
(Sigma chemical company) at a final concentration 2 µM each was separately added 
in ROS exposed sample. After 4 h exposure, percent mortality of worms was 
calculated and the isolated worms from incubation medium were used to observe the 
topographical effects by scanning electron microscopy. Control without XO was also 
run simultaneously. 
(IV) Analysis of antioxidant enzymes: The level of various antioxidant enzymes 
such as superoxide dismutase (SOD), catalase (CAT), glutathione–S-transferase 
(GST), glutathione peroxidase (GPx) and glutathione reductase (GR) was estimated in 
both treated and untreated male and female worms. The isolated worms were washed 
with phosphate buffer, blotted and homogenized separately in a Potter Elvehjm 
homogenizer in 0.1M ice cold phosphate buffer (pH 7.4), sonicated (Ultrasonic 
processor-5mm probe) on an ice bath for 3x1 min with 30 s interval and then 
centrifuged at 9000 ×g  for 15 min at 4º C in microfuge (Hitachi, Japan). After 
centrifugation, supernatants were isolated and stored at -20 ºC in the form of aliquots 
for analysis of antioxidant enzyme activities. The protocols followed for the 
estimation of these enzymes was same as described in details in chapter 2.   
(V) Topographical effects of ROS:  Both male and female worms were isolated after 
incubation, washed with 0.1 M phosphate buffer (pH7.4) and fixed in the mixture of 2 
% paraformaldehyde and 2.5% glutaraldehyde prepared in 0.1 M phosphate buffer 
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(pH7.4), for 12 h at 4 oC.  After fixation, worms were washed with 0.1 M cold 
phosphate buffer (pH 7.4), giving 3 × 60 min changes and then dehydrated in the 
graded series of ethanol (50 % to 100%) for 30 min in each grade. The specimen dried 
critically in critical point dryer, LEICA –EMCPD300 (Leica, Germany) by using CO2 
and then mounted on aluminium stubs and coated with gold using the JFC-1600 auto 
fine coater (JEOL, Japan). The specimens viewed at different resolutions using JSM-
6510 LV scanning electron microscope, (JEOL, Japan). 
(VI) Statistical analysis: Student t-test was performed by using statistical software R 
(2.15.1 version, Austria) to determine the level of significance.  p value ≤ 0.05 was 
considered as significant.  
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4.4: Results 
The survival of worms after exposure with different concentration of XO and 
thereby ROS for variable times was studied and the obtained results are shown in 
Figs. (4.1 and 4.2). It is evident from the figures that the survival of worms depends 
upon both the concentration of ROS and exposure time. The survival of worm 
decreases significantly with the increasing concentration of XO and exposure time 
and the effect was more pronounced in males as compared to females (Figs. 4.1 and 
4.2). About 80% females and 100 % males were killed at 50µM concentration of 
xanthine oxidase during 4 h exposure. In another experiment, CAT and SOD was 
added in the incubation medium to find out, whether, the deleterious effect of ROS 
can be prevented or minimized. Findings of this experiment indicate that the mortality 
of adult worm decreases significantly after the addition of CAT whereas, no such 
protection was evident with SOD, and in fact, it causes more death of the worms 
(Fig.4.3). 
The level of some important antioxidant enzymes was also analyzed in ROS 
treated worms and the obtained results are presented in Tables (4.1 and 4.2).  The 
level of all studied antioxidant enzymes was found lower in treated as compared to 
untreated male worms except GPx, which showed an increasing trend. However, in 
female worms, all the enzymes showed an increasing trend except GR, whose level 
was less as compared to the control. Statistical analysis reveal significant differences 
in the level of SOD and CAT while, insignificant differences in GST, GPx and GR 
activity between treated and untreated male worms (Table 4.1). In contrast, 
differences in the level of all the antioxidant enzymes between treated and untreated 
females were significant (Table 4.2). 
 The topographical effects of in vitro generated ROS on male and female H. 
contortus were evaluated by comparing the results of treated worms with control 
(untreated worms). This study indicates that free radicals cause considerable damage 
to the parasite and the damages caused by ROS on male and female worms were 
almost same. ROS cause more pronounced damage to the body surface and bursa 
region. Distortion of lancet and buccal capsule (Figs. 4.4b and 4.5 a), formation of 
blisters and transverse ridges on cuticle (Figs. 4.4 d and 4.6 a) and peeling of 
tegument of bursa (Figs.4.4 f and 4.7a) was observed in treated worms.  Addition of 
CAT in the incubation mixture provides protection to the worms, as marked reduction 
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in the damage was noticed (Fig. 4.5 b, Fig. 4.6 b Fig. 4.7 b), whereas, addition of only 
SOD does not induce protection but it enhances the damage (Fig. 4.5 c, Fig. 4.6 c Fig. 
4.7 c). When both SOD and CAT was present in the incubation medium, the 
damaging effect of SOD was masked by CAT and hence protection was seen (Figs. 
4.5 d, 4.6d, 4.7d). 
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Fig. 4.1: In vitro effect of different concentration of xanthine oxidase on the 
mortality of male and female Haemonchus contortus after 4 h 
exposure time.  
                All values are the mean ± standard errors of three replicates. 
 
 
  
Fig. 4.2:  Percent mortality of male and female Haemonchus contortus, exposed 
for different periods at 50µM concentration of X-XO.   
                All values are the mean ± standard errors of three replicates. 
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Fig. 4.3: Percent mortality of male and female Haemonchus contortus in presence 
of SOD and catalase in the incubation medium, after 4 h exposure with 
50µM concentration of XO. 
Control          = RPMI-1640 
X-XO             = RPMI+  xanthine/xanthine oxidase 
X-XO + C      = RPMI+ xanthine/xanthine oxidase + catalase 
X-XO + S       = RPMI+ xanthine/xanthine oxidase + superoxide dismutase  
X-XO + C +S = RPMI+ xanthine/xanthine oxidase + catalase + superoxide     
                           dismutase  
               All values are the mean ± standard errors of three replicates. 
 
 
 
0
10
20
30
40
50
60
70
80
90
100
Control X-XO X-XO+ C X-XO+ S X-XO+ C +S
Pe
rc
en
t m
or
ta
lit
y 
Treatments  
Male Female
Chapter-4             In vitro effect of reactive oxygen species (ROS) on adult Haemonchus contortus. 
 
 172
 
 
Table 4.1: Level of antioxidant enzymes in male Haemonchus contortus, 
following 2h incubation in presence and absence of 50 µM X/XO. 
Antioxidant 
enzymes 
Treatment Statistical analysis 
Without X/XO     
(control) 
With X/XO 
(treated) 
p value 
SOD 3.48 ± 0.26 2.13 ± 0.20 0.02 
CAT 56.01± 1.75 30.75 ± 2.06 0.002 
GST 359.25 ±17.55 295.67 ± 4.05 0.09 
GPx 72.33 ±1.45 83.66 ±2.90 0.09 
GR 9.92 ± 0.99 6.85 ± 0.120 0.07 
 
All values are the mean ± standard errors of three replicates. 
p ≤ 0.05 is considered as significant. 
 
Table 4.2:  Level of antioxidant enzymes in female Haemonchus contortus, 
following 2h incubation in presence and absence of 50 µM X/XO. 
Antioxidant 
enzymes 
Treatment Statistical Analysis 
Without X/XO 
(control) 
With X/XO 
(treated) 
p value 
SOD 5.03 ± 0.20 9.18 ± 0.81 0.03 
CAT 40.47 ± 4.39 72.92 ± 9.50 0.03 
GST 193.20 ± 4.48 355.76 ± 20.37 0.01 
GPx 91.33 ± 2.4 273.33 ± 12.54 0.01 
GR 31.62 ± 1.63 17.03 ± 1.03 0.02 
         
All values are the mean ± standard errors of three replicates. 
p ≤ 0.05 is considered as significant . 
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Fig. 4.4 Scanning electron micrographs of different regions of Haemonchus 
contortus, incubated at 50 µM XO for 2 h.    
Micrographs of untreated worm, showing intact lancet (L) (a) , smooth 
cuticle (*) (c)  and intact bursa (*) (e).   
  Micrographs of treated worm, showing the damage of lancet (L), (b)  
formation of  ridges in the cuticle (red arrow) (d) and  destruction of  
the bursa (blue arrow) (f).  
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Fig. 4.5 Scanning electron micrographs of the anterior region of Haemonchus 
contortus, incubated in vitro with 50 µM XO and ROS scavenger 
enzymes for 2 h.  
  Micrograph of X/XO treated worm, showing damage to the buccal 
capsule (red arrow) (a).  
Micrograph of X/XO + CAT treated worms, showing the presence of 
narrow ridges (yellow arrow) (b). 
Micrograph of X/XO + SOD treated worms, note the damage of the 
cuticle (blue arrow) and buccal capsule (inset) (c).  
  X/XO + CAT +SOD treated worms, note the absences of ridges.  
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Fig. 4.6: Scanning electron micrographs of the middle region of Haemonchus 
contortus, incubated in vitro with 50 µM XO and ROS scavenger 
enzymes for 2 h. 
Micrograph of X/XO treated worms, showing longitudinal (orange 
arrow) and transverse ridges (green arrow), disruption with  
perforation of the cuticle ( red arrow) (a). 
Micrograph of X/XO + CAT treated worms showing normal 
cuticle(C) (b).   
Micrograph of X/XO + SOD treated worms, showing  the destruction 
of the cuticle and release of the internal structure (blue arrow) (c). 
  Micrograph of X/XO + CAT +SOD treated worms, showing ridges 
(yellow arrow) and absences of perforation (d).  
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Fig. 4.7: Scanning electron micrographs of the bursa of Haemonchus contortus, 
incubated in vitro with 50 µM XO and ROS scavenger enzymes for 2 h.  
Micrograph of X/XO treated worm, showing extensive damage of 
bursa (red arrow) (a).  
Micrograph of X/XO + CAT treated worm showing intact bursa (green 
arrow) (b).  
  Micrograph of X/XO + SOD treated worm, showing complete 
destruction of the dorsal rays and release of  internal structures  
(yellow arrow) (c).  
Micrograph of X/XO + CAT+SOD treated worm,  showing slight 
damage to the bursa (blue arrow) (d).  
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4.5: Discussion 
Production of reactive oxygen species is a powerful mechanism to prevent the 
establishment of infectious agents and has been implicated with protective immunity 
against many parasites, including gastrointestinal nematodes (Chiumiento and 
Bruschi, 2009). Smith and Bryant (1989) correlated the expulsion of N. brasiliensis 
with enhanced production of free radical. High mortality of adult H. contortus at 
higher concentration of xanthine oxidase (XO) could be explained by the fact that 
high concentration of XO causes more production of reactive oxygen species (Tsuda 
et al., 2012), which may be responsible for high mortality of worms. Furthermore, 
high mortality of male as compared to female worms could be correlated with the 
level of their antioxidant enzymes. The female worms express more antioxidant 
enzymes than males (Rashid and Irshadullah, 2014; see chapter 5) indicating that 
females can detoxify free radicals more effectively than males.  Similarly, Ben-Smith 
et al. (2002) reported that males of H. polygyrus are more susceptible to killing by 
ROS than females, as female produces higher amount of SOD and catalase while, the 
levels of these enzymes decrease in male. They suggested that larger females could 
detoxify free radicals more effectively than the smaller males and hence males are 
rejected faster than females.  Besides this,  the level of most of the antioxidant 
enzymes was found to be increased in ROS treated than untreated female worms, 
whereas, in treated male the level of these enzymes decrease as compared to untreated 
male.  Since treated females were able to express high level of ROS scavenging 
enzymes than male, therefore they may be protected from deleterious effect of 
artificially generated ROS and survive for longer periods than males. Inability of male 
worms to increase their antioxidant enzymes may lead to higher mortality, and this 
could be one of the reasons for presence of lesser number of male than female worms 
in naturally infected abomasum. As it  was observed during the present study that the 
number of male worm, inhabiting the abomasum of naturally infected goats was 3- 4 
times less than female worms. The susceptibility of schistosomulum and resistance of 
newly   excysted juvenile of F. hepatica against in vitro generated ROS was also 
correlated with level of antioxidant enzymes (Piedrafita et al., 2000), as the  juvenile 
of F. hepatica has 10 times higher superoxide dismutase and glutathione peroxidase 
than schistosomulum. Smith and Bryant (1986) reported that adult N. brasiliensis 
was expelled from intestine within 10 –12 days, whereas adult N. dubius persisted for 
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several months, and suggested that such differences were because of 2 and 4 folds 
higher SOD and catalase activities, respectively in N. brasiliensis than N. dubius. 
Mourao et al. (2009) reported that after knock down of specific antioxidant enzymes, 
the sporocyst of S. mansoni became more susceptible to H2O2, thus  antioxidant 
enzymes serve a direct role in protection against oxidative stress, including immune-
mediated cytotoxic reactions. Tawe et al. (1998) reported 2 fold increase in the 
mRNA, encoding SOD as a consequence of oxidative stress in Caenorhabditis 
elegans.  
          The mortality of worms was found higher in presence of SOD in the incubation 
medium containing X/XO. The increased mortality of worms in presence of SOD 
could be correlated with the increased production of H2O2. Xanthine oxidase catalyses 
the oxidation of xanthine to uric acid and  the univalent and divalent reduction of 
molecular  oxygen to generate both superoxide anion (O2-) and hydrogen peroxide 
(H2O2). Addition of SOD in the culture medium causes more production of H2O2 by 
the dismutation of superoxide anion and therefore the concentration of H2O2 becomes 
very high in the medium, which causes high mortality of worms. Hydrogen peroxide 
is known to pass through the membrane and enter into cells and thereby causes more 
damage to the worm (Batra et al., 1993; Ben-Smith et al. 2002; Halliwell and 
Gutteridge, 2007). In contrast to SOD, addition of catalase in the exposure medium 
provides protection to the worms, which may be explained by the fact that catalase 
breaks down toxic H2O2  into nontoxic water and oxygen hence, H2O2 concentration 
decreases in the culture medium and therefore, worms are protected from damage. 
Aitken et al. (1993) also reported similar results while,   investigating the cytotoxic 
effects of reactive oxygen species on human spermatozoa where catalase was found to 
have protective effect on spermatozoa but not SOD. In contrast, Smith and Bryant 
(1989) demonstrated that H2O2 had no deleterious effects on N. brasiliensis adult 
worms, this may be due to the fact that they use acetaldehyde/xanthine oxidase system 
for generating  ROS  (0·2 mM/10 mU acetaldehyde/XO), which generate insufficient 
mounts H2O2 that is not enough to cause  damage the parasite.  As it has been reported 
that only 20% of the reduction of oxygen is univalent which leads to the formation of 
H2O2 and the rest is divalent (Fridovich, 1970). 
The SEM observations revealed structural alterations in the worms after in vitro 
exposure with X/XO system. The structural changes in the feeding apparatus, cuticle 
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and bursa region may affect the feeding, mobility and reproduction. As the cuticle is 
involved in mobility of the worms (Page and Winter, 2003). The damage of cuticles 
may lead to impairments in the free movements of the worms seeking for feeding sites 
and mating opportunities. Structural changes in the accessory reproductive organs 
could affect reproductive functions, like egg production, copulation etc. The present 
findings cannot be compared with other reports as available literatures reveals that no 
work has been undertaken on  topographic effect of ROS. However, changes in the 
cuticle, buccal capsule and the accessory reproductive organs has been reported in H. 
contortus, treated with the extracts of  tannin rich plants (de-Montellano et al., 2013). 
The damage caused by in vitro generated ROS was minimized in presence of catalase 
while, SOD enhance the damage. These findings support our previous observations 
that the mortality of worms decreases in presence of catalase and increases in 
presence of SOD.  
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5.1: Introduction 
During establishment in the host, parasites are exposed to the reactive oxygen 
species (ROS) such as superoxide anion (O2-), hydroxyl radicals (•OH) and hydrogen 
peroxide (H2O2), produced during normal cellular metabolism as well as by activated 
phagocytes (Callahan et al., 1988; Chiumiento and Bruschi, 2009). The generation 
of ROS by macrophages, neutrophils and eosinophils increases considerably in 
response to parasitic infection, which is thought to play a role in killing or expulsion 
of parasites from the host and thereby prevent their establishment (Smith and 
Bryant, 1986, 1989; Batra et al., 1993; Ben-Smith et al., 2002). ROS causes 
oxidative damage to all major classes of biomolecules leading to protein oxidation, 
lipid peroxidation, DNA modification/strand breakage and depolymerization of 
polysaccharides (Southern and Powis, 1988; Chiumiento and Bruschi, 2009). To 
counter these destructive processes, parasites have developed several protective 
mechanisms, including the production of antioxidant enzymes, which are the most 
important source to defend against reactive oxygen species generated by activated 
phagocytes   (Callahan et al., 1988). These enzymes are particularly very important 
for long lived parasites that are involved in chronic infection such as parasitic 
nematodes (Henkel-Dübrsen and Kampkotter, 2001) whose survival largely 
depends on the neutralization of immune effector functions (Maizels et al., 1993). 
The coexistence of the parasite inside the host is only possible if they evade the host 
immune response successfully, either by modulating the activity of effector cells or by 
defending itself against ROS through their antioxidant enzymes. The major 
antioxidant enzymes are superoxide dismutase (SOD), catalase (CAT), glutathione 
reductase (GR), glutathione peroxidase (GPx) and glutathione-S-transferase (GST). 
Among various antioxidant enzymes, superoxide dismutases are most 
prominent and widely distributed antioxidant enzyme, which play an important role in 
controlling the level of superoxide radicals. It protects the parasite from free radicals 
by catalysing the dismutation of superoxide anion (O2-) to hydrogen peroxide and 
molecular oxygen (Chiumiento and Bruschi, 2009). Based upon the metal co-
factors, Copper/Zinc (Cu/Zn), and Manganese (Mn) SOD have been reported in 
eukaryotes. Mn SOD is predominantly present in the mitochondrial matrix. The 
Cu/Zn SODs have been subdivided into extracellular (EC) and cytosolic components 
(Fridovich, 1995), both of these forms have been reported in parasites (Tang et al., 
1994; Ou et al., 1995a). Cu /Zn SOD is sensitive to cyanide and hydrogen peroxide 
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while, Mn SOD is insensitive to cyanide and hydrogen peroxide but it is sensitive to 
SDS (Geller and Winge, 1983). Another antioxidant enzyme important in protecting 
the cell from oxidative damage by reactive oxygen species (ROS) is catalase. It 
prevents the formation of highly reactive hydroxyl radical by detoxifying hydrogen 
peroxide into water.  
The glutathione-S-transferases are a family of enzymes which play an 
important role in detoxification and elimination of xenobiotic. In the detoxification 
mechanism, GST catalyze the conjugation of the thiol group of reduced glutathione to 
a variety of electrophilic substances. Helminth GSTs are able to neutralize the 
cytotoxic products arising from reactive oxygen species (ROS) and therefore, have the 
potential to protect parasites against the host immune responses (Farahnak and 
Barrett, 2001). Glutathione reductase is a flavoprotein that converts oxidized 
glutathione (GSSG) to reduced glutathione (GSH) in the presence of NADPH. This 
enzyme is essential for the GSH redox cycle, which maintains adequate levels of 
reduced cellular GSH. A high GSH/GSSG ratio is essential for protection against 
oxidative stress (Bindoli et al., 2008). Glutathione peroxidase protects the organism 
by the conversion of hydrogen peroxide into water and molecular oxygen, as well as 
peroxidized fatty acids into their corresponding alcohols, thus limiting the chain 
reaction of lipid peroxidation. High levels of peroxides in the cell tend to oxidize 
proteins and lipids and therefore, alter their normal function (Drean et al., 1993). 
GPx catalyses the reduction of hydroperoxides and are believed to protect membranes 
and other cellular components from oxidative damage (Halliwell and Gutteridge, 
2007).  
The activity of various antioxidants has been detected in many helminth 
parasites (Smyth and Bryant, 1986; Mkoji et al., 1988 a, b; Chung et al., 1991; 
Henkel-Dübrsen and Kampkotter, 2001; Chiumiento and Bruschi, 2009), 
including H. contortus (Hadas and Stankiewicz, 1998; Knox and Jones, 1992; 
Kotze and McClure, 2001). In these studies (loc.cit.), the sex of the parasite was not 
taken into consideration, however, few studies have been carried out on male and 
female worms of Brugia malayi (Ou et al., 1995a), Setaria cervi (Sharma and 
Rathaur, 1998) and Ascaris suum (Sanchez –Moreno et al., 1988).  The present 
study was therefore undertaken to analyze various antioxidant enzymes like SOD, 
CAT, GST, GR and GPx in male and female H. contortus and their  
excretory/secretory products which may be helpful in understanding the host-parasite 
relationship. 
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5.2: Historical Review 
Antioxidant enzymes  play an important role in protecting the parasites from 
hosts generated free radicals (Brophy et al., 1995; Dizk, 2006). It has been postulated 
that these enzymes are essential for parasites to defend themselves against ROS, 
generated by macrophages, neutrophils and eosinophils of the host (Callahan et al., 
1988; Brophy and Pritchard, 1992). The major antioxidant enzyme families in 
eukaryotes are considered to be the superoxide dismutase (SOD), catalases (CAT), 
glutathione S-transferases (GST), glutathione reductase (GR), and glutathione 
peroxidase (GPx) (Dizk , 2006). 
Superoxide dismutases have been reported from every species of parasitic 
helminth (reviewed by James, 1994), these enzymes protect the organisms from the 
deleterious effect of superoxides anion by scavenging them (Callahan et at, 1988; 
Fridovich, 1995). It catalyses the spontaneous dismutation of superoxide radicals 
(O2) to hydrogen peroxides which is further metabolized by catalase (Fridovich, 
1983). Knox and Jones (1992) concluded that SOD plays an important role in the 
survival of nematodes into the host body. Numerous SODs have been characterized 
and/or purified from helminth parasites like Taenia taeniformis (Leid and Sequent, 
1986), Onchocerca volvulus (Ajonina-Ekoti et al., 2012), Schistosoma mansoni 
(Hong et al., 1992), Trichinella spiralis, T.  pseudospiralis  and T. nelsoni (Hadas et 
al., 1993), B. pahangi (Tang et al., 1994), Trichostrongylus colubriformis, T. vitrinus, 
Nematodirus battus, Nippostrongylus brasiliensis, Teladorsagia circumcincta and 
Haemonchus contortus (Knox and Jones, 1992; Hadas and Stankiewicz, 1998), 
Dirofilaria immitis (Callahan et al., 1993), Litomosoides carinii and  S. cervi (Batra 
et al., 1992), Dictyocaulus viviparous (Britton et al., 1994), N. brasiliensis and 
Nematospiroides dubius (Batra et al., 1993).  Higher SOD activity has been reported 
in male than female worms of B. malayi (Ou et al., 1995a). The female reproductive 
organs in Ascaris suum, had the highest SOD activity (Sanchez–Moreno et al. 1988). 
Hadas and Stankiewicz (1998) analysed the SOD activity in larvae and adults of T.  
columbiformis, H. contortus  and O. circumcincta and reported 8-10 times higher 
enzyme activity  in the larvae than the corresponding adults. They detected 5 
isozymes of SOD in T. colubriformis and  O. circumcinata whereas, 4 in H. contortus 
by native –PAGE. Three types of SODs have been reported on the basis of metallic 
cofactor, viz copper / zinc (Cu/Zn), manganese (Mn) and iron (Fe) SOD. Cu /Zn SOD 
is sensitive to cyanide and hydrogen peroxide while, Mn SOD is insensitive to 
cyanide and hydrogen peroxide but it is sensitive to SDS (Geller and Winge, 1983). 
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The Cu/Zn dependent SOD has been subdivided into 2 types: cytosolic and 
extracellular enzymes (Fridovich, 1995) and both are found in parasitic helminths 
(James, 1994). Based upon the sensitivity of SOD with KCN, Cu/Zn form of SOD 
have been reported in many helminth parasites (Chung et al., 1991, Hong et al., 
1992, Kim et al., 2000) including H. contortus (Hadas and Stankiewicz, 1998) on 
the basis of inhibition of SOD activity with KCN. 
Hydrogen peroxide produced during normal cellular metabolism and by 
activated phagocytes have been shown to be highly toxic to parasites (Callahan et al., 
1991; Adema et at, 1991; Hahn et al, 2001). The toxicity of H2O2 is overcome by 
the parasite with the help of catalase which decomposes the H2O2 into water and 
molecular oxygen (Deisseroth and Dounce, 1970; Schonhaum et al., 1976). 
Appreciable amounts of catalase have been reported in nematode parasites (Smith 
and Bryant 1986; Ou et al., 1995b; Eckely et al., 1998; Kotze and Mc Clure, 
2001) where as it is absent in trematodes and cestodes (Barett, 1980; Paul and 
Barett, 1980; Mkoji et al., 1988a; Ganga et al., 2007). Parasites where this is 
absent, thioredoxin and glutathione peroxidase are involved in the detoxification of 
hydrogen peroxide (Salinas et al., 2004).  A correlation between catalase levels and 
in vitro toxicity of hydrogen peroxide has been described by many workers. Low 
levels of catalase in T. spiralis and O. cervicalis were associated with susceptibility 
(Kazura and Meshnick , 1984; Callahan  et al., 1990), whereas, high level in adult 
B. malayi was associated with the ability to resist and metabolize high concentration 
of hydrogen peroxide in vitro (Ou et al., 1995 b). The response of H. contortus to 
oxidative stress was studied by Kotze (2003) by measuring the catalase activity and 
reported that the activity of enzyme increased by many folds due to the effect of 
hydrogen peroxide.  
Glutathione –S- transferase, a family of multifunctional proteins (Morello  et 
al., 1982; Stenersen et al., 1987) is widely distributed in plants and animals in 
isomeric forms (Mannervik, 1987). Helminths have limited detoxification enzyme 
and appear to lack cytochrome–p-450 dependent detoxification reaction and thus GST 
seems to be the major detoxification enzyme (reviewed by Torres- Rivera and 
Landa, 2008). Parasitic helminths express multiple form of GST, which are involved 
in the protection against membrane damage induced by cytotoxic products of lipid 
peroxidation such as lipid hydroperoxides and reactive carbonyl species (Mitchell, 
1989; Brophy and Pritchard, 1992). This enzyme not only neutralizes toxin by 
conjugating them with glutathione but is also involved in passive detoxification of 
various endogenously derived toxic compounds or free radical by using their ligands 
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binding properties (Ketterer et al., 1988; Brophy and Pritchard, 1994). Ketterer et 
al. (1988) reported that many isozymes of GST are involved in cellular metabolism 
including leukotriene and prostaglandin synthesis.  Further, it has been reported that 
GST occur in two forms, as soluble and membrane bound proteins (reviewed by 
Brophy and Pritchard, 1994).  
The activity of GST has been detected in a number of helminth parasites 
(Smith and Bryant 1986; Howell et al., 1988). The activity of GST in male S. 
mansoni was found three fold higher than female (O’Leary and Tracy, 1988) and it 
was shown that the activity of enzyme increase during development of S. mansoni  
(Nare et al., 1990). In total 5 isozymes of GST have been identified in S. mansoni  
(O’Leary and Tracy, 1988; O’Leary et al., 1992). Liebau et al. (1997) localized 
GST of A. suum in different tissues especially in the worm gut and suggested 
detoxifying role of this enzyme. Howell et al. (1988) reported that GST was 
abundantly distributed in different tissues of F. hepatica. Four acidic GST were 
isolated from the cytosol of the adult Hymenolepis diminuta (Brophy and Barrett, 
1990b). Vibanco - Pérez et al. (1999) purified GST from the metacestode of T. 
solium and suggested that this enzyme has an important role in the survival of T. 
solium in its hosts.  Rao et al. (2000) reported high activity of GST in L3 and L4  of B. 
pahangi and B. malayi and  suggested that high level of enzymes assists in the 
migration of the larvae to the predilection site. Four isozymes ( S.S I, S.S.II, S.S III, 
S.S IV) have been reported in Schistocephalus solidus   by chromatofocussing at pH 
7-5 (Brophy et al.,1989). The S.S II GST may have the potential to detoxify toxic 
reactive carbonyls and thereby contribute in the defence against free radicals induced 
lipid peroxidation. O. volvulus has three forms of GST (Ov I, Ov II, Ov III) among 
which, Ov I is secretory and  provides protection against immune response while Ov 
II and Ov III  play a crucial role in antioxidant defence of the parasite (Wildenbug et 
al., 1998, Liebau et al., 2000).  
Glutathione peroxidase is another antioxidant enzyme which protects the 
organism by converting hydrogen peroxide into water, and lipids hydroperoxides into 
their corresponding alcohol (Mkoji et al., 1988 a,b; Nare et al., 1990). The activity 
of GPx has been studied in different development stages of P. westermani, B. pahangi 
and S. mansoni where the activity of enzyme was found higher in adult worms than 
the larval stages (Chung et al., 1991; Devaney and Jecock, 1991; Mei and 
LoVerde, 1997). Significant levels of GPx were detected in adult and larval stages of 
T. spiralis (Kazura and Meshnick, 1984; Callahan et al., 1988). Significant GPx 
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activity has been reported in adult  Moniezia expansa , F. hepatica and N. brasiliensis 
(Batra et al., 1990; Cadenazzi et al., 2005; Fernández et al., 2015). O. volvulus 
seems to lack GPx while low amount of GPx were detected in O. cervicales 
(Callahan et al., 1988). Low activity of GPx has been reported in adult stages of S. 
mansoni (Mkoji et al., 1988a; Mei and Lo Verde, 1997). GPx has also been detected 
in the excretory secretory products of B. malayi  and D. immitis (Chiumiento and 
Bruschi, 2009).  
Glutathione reductase catalyzes the reduction of glutathione disulfide (GSSG) 
to the sulfhydryl form (GSH), which is a critical molecule in resisting oxidative 
stress and maintaining the reducing environment of the cell (Mannervik, 1987; 
Deponte 2013). GPx converts reduced glutathione (GSH) to oxidized glutathione 
(GSSG),  for their activity against H2O2 and organic peroxides. A high GSH/GSSG 
ratio is maintained by GR by using NADPH as a final electron donor (Bindoli et al., 
2008). The elimination of peroxides is dependent on the level of peroxidase as well as 
reductase enzymes, such as GR. This enzyme has been reported in many parasites 
(Yadav et al. 2013; Arora et al. 2013).  Smith and Bryant (1986) determined the 
GR activity in N. dubius and N. brasiliensis and found four times more enzyme 
activity in N. dubius than N. brasiliensis. Mc Callum and Barett (1995) purified and 
characterized GR from M. expansa by chromatofocusing and SDS-gel electrophoresis  
and reported that the enzyme isolated from this parasite  resembles with that of 
mammalian enzymes in its physical properties, substrate affinity and inhibition 
profile.  Alger and Williams (2002) reported that in S. mansoni, the thioredoxin 
reductase (TR) and GR is replaced by a unique multifunctional enzyme, thioredoxin 
glutathione reductase (TGR), which is involved in protection of the worm, as 
silencing of TGR expression causes death of S.  mansoni within 4 days (Kuntz et al. 
2007). 
The foregoing review of literatures reveal that more work has been carried out 
on different parasites but only little information is available on H. contortus. 
Therefore, in the present study the level of various antioxidant enzymes was 
investigated in male and female (ovigerous and non-ovigerous) H. contortus, and their 
E/S products to provide some basic information for integrated control programme.   
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5.3 : Materials and Methods 
(I) Collection of parasite and preparation of their extract: In the present study, 
male and female (ovigerous and non-ovigerous) H. contortus and their E/S products 
were used for the estimation of antioxidant enzyme activity. Adult H. contortus were 
collected from the naturally infected goats (Capra aegagrus hircus) slaughtered at the 
local abattoir (Aligarh, India), washed several times with Hank’s balanced salt 
solution (HBSS) premaintained at 37± 2ºC. The isolated worms were blotted and 
homogenized separately in a Potter Elvehjm homogenizer in 0.1M ice cold phosphate 
buffer (pH 7.4), and then  sonicated (Ultrasonic processor-5mm probe) on an ice bath 
for 3x1 min with 30 s interval and then centrifuged at 9000 ×g  for 15 min at 4º C in 
microfuge (Hitachi, Japan). After centrifugation, supernatants were isolated and 
stored at -20 ºC in the form of aliquots for further use.   
(II) Collection of excretory/secretory products: In order to obtain excretory/ 
secretory (E/S) products, equal numbers (150) of males and non ovigerous females 
were incubated separately in 5 ml RPMI-1640 medium (Hi media) in water bath, 
premaintained at 37 ± 2 oC for 6 h. After incubation, worms were removed and 
medium was centrifuged at 9000 ×g  for 5 min and then concentrated by dialysis, 
using cellulose tubing (Sigma-Aldrich), and were used for the estimation of enzymes. 
(III) Spectrophotometric analysis of antioxidant enzymes: The level of various 
antioxidant enzyme such as superoxide dismutase (SOD), catalase (CAT), 
glutathione–S-transferase (GST), glutathione peroxidase (GPx) and glutathione 
reductase (GR) was estimated in male and female worm extracts and their E/S 
products by standard spectrophotometric method as described in detail in Chapter 2.   
(IV) Electrophoretic analysis of antioxidant enzymes: The various antioxidant 
enzymes (SOD, CAT, GST, GPx and GR) were also characterized by native 
polyacrylamide gel electrophoresis.  The samples containing about 40 µg proteins 
were separately incubated in Laemmli’s sample buffer (without SDS), in 2:1 ratio 
(v/v) for 15 min at room temperature and then loaded onto the gel. After loading 
protein samples, the electrophoresis was carried out at 100 V for 2 h in the 
refrigerator, using Mini Protean Dual Slab 3 Cell System (Biorad Ltd., USA). After 
electrophoresis, the specific staining of enzymes was performed as described in detail 
in Chapter 2.   
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 (V) Determination of metallic cofactor of SOD: To determine  the types  of  SOD, 
crude homogenates of male and female H. contortus and  their E/S products were 
incubated with different concentration of  potassium  cyanide  (KCN), 
diethyldithiocarbamate (DDC), 1,10-Phenanthroline (1,10-P), sodium azide  (NaN3),   
hydrogen  peroxide (H2O2) and sodium dodecyl sulphate (SDS) at 37 oC for  10  min. 
The concentrations of these inhibitors are shown in Table (5.1). After incubation, the 
SOD activity in each sample was measured spectrophotometrically by the method of 
Marklund and Marklund (1974), as described in chapter 2. Based upon per cent 
inhibition, the presence of metallic cofactor in the active site of SOD was identified. 
Inhibition studies were also performed in the polyacrylamide gel, by using only the 
final concentrations of above-mentioned inhibitors.   
(VI) Documentation and gel analysis: Stained gels were scanned on all in one HP 
Deskjet (F2235) computer assembly and densitogram was then prepared using “my 
image analysis software” version 2.0 (Thermo Fisher Scientific Inc., U.S.A).  
(VII) Statistical analysis: Statistical analysis was performed by using one way 
ANOVA followed by the Post hoc Tukeys HSD multiple comparisons test using the 
statistical software R (2.15.1 version, Austria).  Confidence level was held at 95 % 
and p value ≤ 0.05 was considered as significant. 
 
Table 5.1: Concentrations of various inhibitors, used for inhibition study of SOD 
in male and female Haemonchus contortus and their E/S products. 
Inhibitors Concentration ( mM) 
KCN 0.5 1 3 5 
H2O2 1 3 5 10 
NaN3 1 3 5 10 
DDC 0.5 1 3 5 
1,10-P 0.5 1 3 5 
SDS 0.25 0.5 1 2 
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5.4: Results  
(I) Antioxidant enzyme activity in parasites: Activities of different antioxidant 
enzyme were measured in soluble extracts of male and female parasites and their E/S 
products; the results obtained are presented in Table (5.2). Maximum activity was 
observed for GST followed by GPx, CAT, GR and SOD in both male and female 
parasites. However, in the E/S products the activity was found in the order of GPx > 
CAT > GR > GST > SOD in female whereas, GPx >CAT > GST > GR >SOD in male 
(Table 5.2 and Fig. 5.1). In order to find out selenium dependent GPx, the activity was 
measured in presence of H2O2. No activity was detected in presence of H2O2, 
indicating absence of selenium dependent GPx. The activity of SOD, GPX and GR 
was found higher in both ovigerous and non- ovigerous females as compared to 
males. However, the activity of CAT and GST was higher in males than females. 
Among females, the level of SOD, CAT and GST was higher in ovigerous females 
while, GPx and GR level was higher in non- ovigerous females (Table 5.2 and Fig. 
5.1).   
The results were subjected to statistical analysis and the obtained results are 
presented in Fig. (5.2). The activity of SOD was significantly higher in ovigerous than 
non ovigerous females and males (Fig.5.2 a), whereas the level of CAT and GST was 
significantly higher in male than non-ovigerous female (Figs. 5.2 b and c). Non-
ovigerous female has significantly higher GR activity than ovigerous female and male 
(Figs. 5.2 d and e). No significant differences were observed in the level of GPx (Fig. 
5.2 e).   
Analysis of enzymes in the E/S products indicates that female worms secrete 
more SOD, GPx and GR than their male counterpart, whereas male secreted more 
GST and CAT than female (Table 5.2). The activity of SOD and GPx was found  6 
and 3  times higher in the E/S products of male and female respectively than their 
soluble crude extracts. In contrast, GST is the only enzyme, which showed 4 times 
less activity in the E/S products of male and female than their soluble extract. 
Differences in the level of SOD, CAT, GR and GPx between male and female worms 
were found significant (Figs 5.2 a, b, d and e), whereas the differences of GST was 
insignificant (Fig. 5.2 c).  
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Table 5.2: Specific activity of various antioxidant enzymes in crude homogenates 
of Haemonchus  contortus and their E/S products. 
Samples SOD CAT GST GR GPx 
O 8.87 ± 0.78 46.33  ±1.76 273.52 ±5.8 19.81 ± 1.43 66.66 ± 1.85 
F 5.03 ± 0.2 35.66  ± 2.18 193 ±  4.48 31.62 ±1.63 91.33 ± 2.4 
M 3.78 ± 0.3 59.33  ± 2.02 359.25 ± 17.55 12.92 ± 0.99 72.33 ± 1.45 
ESF 32.45 ± 1.01 126  ± 6.5 52.7 ± 7.05 85.79 ±2.03 556 ±15 
ESM 26.26 ± 0.93 166  ±6.11 97.7 ± 6.3 64.74 ± 0.58 436 ±10 
 
All values are expressed as U mg-1 of protein ± standard errors of 3 independent 
samples with 3 replicates each. 
             
 
Fig. 5.1: Share of different antioxidant enzymes in the crude extracts of 
Haemonchus contortus and their E/S products. 
O: ovigerous female, F: non ovigerous female, M: male, ESF: excretory/secretory 
products of female, ESM: excretory/secretory products of male. 
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                           (a)                                                               (b) 
                   
                            (c)                                                                (d)  
 
      (e) 
Fig. 5.2: Post hoc Tukey tests for group wise comparisons of enzyme  activity for SOD (a), CAT 
(b), GST (c) , GR (d) and GPx (e). 
Each horizontal bar represents the differences between two groups with 95% confidence 
interval. If the interval excludes 0 then the difference is considered as significant for that pair 
wise comparison. 
 O: ovigerous female, F: non ovigerous adult female, M: male, ESF: E/S products of female, 
ESM: E/S products of male. 
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(II) Electrophoretic analysis: Analysis of various enzyme activities in worm extracts 
by Native-PAGE followed by specific staining revealed variable number of enzyme 
activity band in male and female. In total 3, 2, 6, and 2 activity bands in male worms 
while 4, 2, 7 and 3 in female worms were detected for SOD, CAT, GST and GR 
respectively (Figs. 5.3, 5.4, 5.5 and 5.6). However, a single activity band of   GPx was 
detected in both male and female (Fig. 5.7). Only one active band of SOD, CAT, GST 
GR and GPx was found in the E/S products of both male female worms. The 
densitograms prepared from gel scans also demonstrate noticeable differences in the 
number of activity bands in the parasite and their intensity. 
(III) Characterization of SOD: To determine  the types  of  SOD,  potassium  
cyanide  (KCN), sodium azide  (NaN3), Diethyldithiocarbamate (DDC), 1,10-
Phenanthroline (1,10-P), Sodium dodecyl sulphate (SDS) and  hydrogen  peroxide 
(H2O2) were used at different concentrations for spectrophotometric  analysis. 
Appreciable amount of enzyme activity was inhibited by KCN, which is a known 
inhibitor for Cu/Zn SOD, but not by the other inhibitors (Fig. 5.8). KCN had the least 
IC50 followed by 1, 10-P, DDC and H2O2 (Table 5.3). Similarly, no activity band of 
SOD was detected following treatment of gels with 5mM KCN, whereas other 
inhibitors did not abolish the enzyme activity but only they reduced the enzyme 
activity (Fig. 5.9), indicating that KCN is the most potent inhibitor of SOD.  
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(a) 
      
(b)      (c) 
     
(d)       (e) 
Fig. 5.3: Native polyacrylamide gel electrophoresis (a), of purified bovine liver 
Cu/Zn SOD (standard marker) of known molecular weight (lane 1), 
extracts of male (Lane 2), non- ovigerous adult female (Lane 3), 
ovigerous female (Lane 4), and excretory/ secretory products of both 
male and female H. contortus (Lane 5). The gels were stained for SOD 
activity with NBT as described by Beauchamp and Fridovich (1971). 
The achromatic zones represent SOD activity. Note the presences of 3 
and 4 activity bands in male and female respectively. Densitogram of 
separated band of male (b), non- ovigerous female (c) ovigerous female 
(d) and excretory/secretory products (e) was prepared by using “my 
Image analysis software” to indicate density of bands. 
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(a) 
               
 (b)                                                    (c) 
               
(d)                  (e) 
Fig. 5.4: Native polyacrylamide gel electrophoresis (a), of soluble extracts of 
extracts of male (Lane 1), non- ovigerous adult female (Lane 2), 
ovigerous female (Lane 3), and excretory/ secretory products of both 
male and female H. contortus (Lane 4). The gels were stained for CAT 
activity as described by Weydert and Cullen (2010). The yellow zones 
on green background represent CAT activity. Note the presence of 2 
activity bands in both male and female worms. Densitogram of 
separated band of male (b), non- ovigerous female (c) ovigerous female 
(d) and excretory/secretory products (e) was prepared by using “my 
Image analysis software” to represent the density of bands.  
     1          2          3           4       
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(a) 
          
       (b)        (c) 
          
         (d)                    (e) 
Fig. 5.5: Native polyacrylamide gel electrophoresis (a), of soluble extracts of 
extracts of male (Lane 1), non- ovigerous adult female (Lane 2), 
ovigerous female (Lane 3), and excretory/ secretory products of both 
male and female H. contortus (Lane 4). The gels were stained for GST 
activity as described by Ricci et al. (1984). The achromatic zones 
represent the GST activity. Note the presences of 6 and 7 activity 
bands in male and female worms respectively. Densitogram of 
separated band of male (b), non- ovigerous female (c) ovigerous 
female (d) and excretory/secretory products (e) was prepared by using 
“my Image analysis software” to represent the density of bands. 
        1           2              3            4          
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(a) 
             
       (b)            (c)          
               
             (d)            (e) 
Fig. 5.6: Native polyacrylamide gel electrophoresis (a),  of purified Baker’s yeast 
GR (standard marker) of known molecular weight (Lane 1), extracts of 
male (Lane 2), non- ovigerous adult female (Lane 3), ovigerous female 
(Lane 4), and excretory/ secretory products of both male and female H. 
contortus (Lane 5). The gels were stained for GR activity as described by 
Hou et al. (2004).  The achromatic zones represent the GR activity. Note 
the presences of 2 and 3 activity bands in male and female respectively. 
Densitogram of separated band of male (b), non- ovigerous female (c) 
ovigerous female (d) and excretory/secretory products (e) was prepared 
by using “my Image analysis software”. Note the variation in the density 
of bands.  
    1              2             3            4             5         
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(a) 
                     
              (b)                     (c) 
                  
           (d)            (e) 
Fig. 5.7: Native polyacrylamide gel electrophoresis (a), of extracts of male 
(Lane 1), non- ovigerous adult female (Lane 2), ovigerous female 
(Lane 3), and excretory/ secretory products of both male and female 
H. contortus (Lane 4). The gels were stained for GPx activity as 
described by Kho et al. (2004). The achromatic zones represent GPx 
activity. Note the presences of a single activity band in both male 
and female worms. Densitogram of separated band of male (b), non- 
ovigerous female (c) ovigerous female (d) and excretory/secretory 
products (e) was prepared by using “my Image analysis software”. 
Note the density of activity bands. 
             1          2          3           4 
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Fig. 5.8: Effect of different concentration of various inhibitors on the SOD 
activity of male and female Haemonchus contortus and their E/S 
products.   
KCN=Potassium cyanide, H2O2 = Hydrogen peroxide, NaN3= Sodium azide,  
DDC= Diethyldithiocarbamate, 1,10-P=1,10-Phenanthroline, SDS= Sodium 
dodecyl sulphate. 
 
Table 5. 3: IC 50 of SOD activity from male and female  Haemonchus contortus and their E/S 
products. 
Samples    Inhibitors  
  KCN DDC 1,10-P H2O2 
Male  2.5 3.6 3.3 5.3 
Female  2.5 3.8 3 5 
Excretory /Secretory products  2.4 3.6 3 5 
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        (a)                    (b) 
 
 
(c) 
Fig. 5.9:  Native gel electrophoresis showing the inhibition of SOD activity with 
various inhibitors on male (a) and female (b) parasites and their E/S 
products (c). The homogenates were incubated with different 
inhibitors.     
Lanes: 1= Control,    2= 5 mM KCN,   3 =2mM SDS,   4=10 mM H2O2,  
5 = 5mM DDC,    6 = 5mM 1, 10-P,   7= 10 mM NaN3. 
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5.5: Discussion  
The host utilise a number of mechanisms to fight against parasites including the 
production of ROS. The production of ROS increases considerably in response to 
parasitic infection and this elevated ROS concentration is thought to play a role in 
killing or expulsion of parasites from the host (Batra et al., 1993; Ben-Smith et al., 
2002; Smith and Bryant, 1989, 1986). Helminth parasites are able to successfully 
coexist with the host by interfering with host immune response either by modulating 
the activity of effector cells or by defending itself against ROS. The parasites protect 
themselves from ROS by using their enzymatic and non-enzymatic antioxidant      
systems (Callahan et al., 1988; Sies , 1993; Henkle-Dührsen and Kampkötter, 
2001). 
  Appreciable amounts of SOD, CAT, GST, GPx and GR in adult H. contortus and 
its E/S products indicate that the parasite has well developed defence system to evade 
host generated free radical attack, that would ensure their survival and establishment 
as also suggested for other helminth parasites (Smith and Bryant, 1986; Callahan et 
al., 1988; Chung et al., 1993; Piacenza et al., 1998; Henkle-Dührsen and 
Kampkötter, 2001; Ben- Smith et al., 2002). The antioxidant enzymes are thought 
to play dual role in detoxifying oxidants produced during normal metabolism as well 
as oxidants produced by the activated phagocytes. Smith and Bryant, (1986) have 
shown that adult N. brasiliensis was expelled within 10-12 days while adult N. dubis 
persist for several months because N. dubis has 2 times higher SOD and 4 times 
higher CAT and GR. Piedrafita et al. (2000) reported that the juvenile of  F. hepatica 
are resistant to free radicals while  schistosomulum are killed and suggested that such 
differences were due to the fact that the juvenile of F. hepatica had 10 times more 
SOD and GPx than schistosomula. 
  The activity of SOD and CAT was lower while GST activity was higher than 
those reported by Kotze and Mc Clure (2001). Comparatively, higher SOD, GPx and 
GR activity was found in female than male H. contortus in our study. Female H. 
contortus expressed higher antioxidant enzyme levels than males and therefore may 
survive for prolonged period, as the survival of parasite in the host has been shown to 
be dependent on the level of free radical scavenging enzymes (Ben-Smith et al., 
2002; Smith and Bryant, 1986). The high level of antioxidant enzymes in females as 
compared to males could be attributed to the greater need for protection of eggs and 
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offspring from free radicals generated within the parasite and the host. It has been 
pointed out that due to higher metabolic rate during reproductive phase of female, 
there is high consumption of oxygen accompanied by liberation of superoxide anion 
radicals which could be lethal to the eggs if they are not neutralized by appropriate 
level of SOD (Sanchez-Moreno et al., 1987). Thus, females as compared to males 
may detoxify free radicals more effectively by increasing the production of SOD and 
may, therefore, offer more resistance to killing by free radicals, as also suggested for 
Heligmosomoides polygyrus by Ben- Smith et al. (2002). The female H. contortus 
may be more exposed to oxyhaemoglobin derived oxygen radicals because of sucking 
more blood than males for egg production (Musongong et al., 2011), therefore they 
increase the induction of antioxidant enzymes to neutralize free radicals as suggested 
by Kotze (2003). Liddell and Knox (1998) reported high SOD activity in the uterine    
region of adult H. contortus females by indirect immuno fluorescent staining and 
suggested that SOD may be required at some stage of egg production. Ou et al. 
(1995a) and Sharma and Rathaur (1998) reported higher SOD activity in males than 
females of B. malayi and S. cervi respectively. Absences of GPx activity in the 
presence of H2O2 indicates absences of selenium dependent GPx. This finding 
supports Callahan et al. (1988), who speculated that selenium dependent glutathione 
peroxidases might be lacking in parasitic nematodes. The presence of selenium 
independent GPx in B. malayi and D. immitis has been reported (Chiumiento and 
Bruschi, 2009).The activity of GST and catalase was found more in males as 
compared to females. O’Leary and Tracy (1988) reported abundant GST activity in 
males as compared to females in S. mansoni.  
 High level of SOD, CAT, GPx and GR were detected in the culture medium as 
compared to somatic extract of H. contortus, indicating that the enzymes are actively 
secreted by the parasites. Similar results were also reported by Ou et al. (1995) in B. 
malayi, Piacenza et al. (1998) in F. hepatica and Chung et al. (1993) in  P. 
westermani . The activity of GST in the E/S products was found to be 4 times lower 
than that determined in the somatic extracts. Brophy et al. (1995) also detected low 
GST activity in the E/S products of N. americana. Comparatively low level of GST in 
E/S products could be due to tight binding of enzyme with ligand as intracellular 
helminth GSTs have been shown to bind tightly to a range of hydrophobic ligands and 
this binding subsequently inhibits enzymatic activity (Brophy et al., 1989). Another 
reason for the low activity of GST in E/S products could be due to the fact that GSTs 
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are multi substrate enzyme and the E/S GST could have low activity with the GST 
model substrate 1-chloro-2,4 – dinitrobenzene.  The E/S antioxidant enzymes  may 
provide protection against free radicals generated at host-parasite interface and play 
an offensive role by causing damage to the inflammatory cells (Henkle-Dührsen and 
Kampkötter, 2001). Kazura and Meshnik, (1984) reported that new born larvae of 
T. spiralis  are protected from killing by in vitro generated oxidants  by co-culturing 
the larvae with adult T. spiralis indicating that antioxidant enzymes are secreted from 
adult worms. Thus  antioxidant enzymes in E/S products may provide a protective 
barrier against the host immune responses and therefore responsible for the successful 
establishment of parasites. 
The fractionation of enzymes by Native-PAGE revealed the presence of 
isozymes in SOD, CAT, GST and GR. The number of activity band in SOD and GST 
were higher in females than males. The extra band in females may be an adaptive 
response to host generated free radicals attack and could be exploited for further 
studies.  The sensitivity of SODs to KCN, suggests the presence of Cu/Zn form of 
SOD in the parasites and their E/S products as KCN is a known inhibitor of Cu/Zn 
SOD (Geller and Winge , 1983). Based upon the inhibition of SOD by KCN , Cu/Zn 
form of SOD has been reported in  P. westermani (Chung et al., 1991), S. mansoni 
(Hong et al., 1992), F. hepatica (Piacenza et al., 1998; Kim et al,. 2000), H. 
contortus (Hadas and Stankiewicz, 1998)  and T. solium (Castellanous-Gonzalez et 
al., 2002).  
Parasites must survive for extended periods of time in host to ensure 
propagation of the next generation. Since, antigenic variation is absent in H. 
contortus, down-regulation or neutralization of the immune response plays an 
essential role in the survival of parasite. The possibility of interfering or blocking 
antioxidant enzymes could be the target of further investigations to weaken parasitic 
strategies. As drug induced depression in the level of antioxidant enzymes of the 
parasite has been held responsible for elimination of N. brasiliensis (Srivastava et al., 
1992). The antioxidant enzymes are, therefore, a valuable vaccine candidate. 
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Summary  
  Among the different diseases caused by helminth parasites, haemonchosis is 
one of the most common and economically important diseases, caused by 
Haemonchus contortus. It causes severe anaemia, oedema, decline in milk production 
and frequent death particularly in young animals and thereby causing great production 
losses in sheep and goats. In order to prevent losses incurred by parasites, it is 
essential to protect our farm animals from parasitic infections. At present, the control 
of H. contortus is largely based on the use of anthelmintic and pasture management. 
However, non-availability of clean pasture, spread of anthelmintic resistance, concern 
about the drug residues in the food chain and increased public demand for chemical 
free animal products have highlighted that chemotherapy alone is not an efficient 
solution. Therefore, there is a need to develop alternative control measures other than 
chemotherapy for which a detailed knowledge about the epidemiology and host 
parasite relationship is needed. 
Since the development of infective stage (L3) of H. contortus depends on 
various meteorological factors which varies from region to region, therefore in order 
to suggest any control measure prior knowledge about disease dynamics and host 
parasite relationship is needed under local environmental conditions, for which 
analysis of epidemiological factors responsible for disease transmission are required. 
The present study provides a consolidated account on the  seasonal dynamics of H. 
contortus, which may provide some basic information for integrated control measures 
of this blood sucking parasite under local environmental conditions. Highest values of 
these infection indices were found in rainy season and lowest in summer. This finding 
indicates that the infection indices were more influenced by rainfall than other factors. 
Although prevalence, intensity and abundance were positively correlated with 
temperature, rainfall and humidity but only the effect of rainfall was found to be 
statistically significant. Improved understanding of the epidemiology of H. contortus 
will empower farmers to stop indiscriminate use of anthelmintic, hence overcome the 
problem of drug resistance. Maximum  prevalence rate was found during rainy season 
therefore the anthelmintic treatment can be done during this period. The farmers 
should be advised for rotational and short grazing time to prevent infection within a 
single grazing land. 
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The gut parasites induce many functional disturbances in the host body.  In 
order to determine if the infection of H.contortus may be associated with damage to 
the host, various haematological, biochemical and oxidative stress parameters were 
investigated. Significant decrease in various blood components was observed with the 
highest decrease in RBC count. Total counts of RBC decreased by 60 % in infected 
animals, which can be used as diagnostic marker for this parasite. Various 
biochemical components of infected sera were also decreased considerably, indicating 
pronounced influence of parasite on host. The level of antioxidant enzymes of sera 
and host tissues were also affected by H. contortus. Significant increase in the specific 
activity of superoxide dismutase (SOD), catalase (CAT), glutathione–S–transferase 
(GST) and glutathione reductase (GR) was observed in the sera of infected animals as 
compared to sera from non-infected animals. Similarly, the level of CAT, GST and 
GR increased significantly while, SOD and glutathione peroxide (GPx) levels 
significantly decreased in infected host tissue. Alteration in the level of pathological 
marker enzymes like aspartate aminotransferase (AST), alanine aminotransferase 
(ALT), alkaline phosphatase (ALP) and acid phosphatase (ACP) was observed in 
infected animals. Significant increase in the activity of these enzymes was also 
noticed in both sera and abomasal tissues of infected animals, which was related with 
the worm burden. 
Oxidative stress occurs when there is an imbalance in the generation and 
removal of reactive oxygen species (ROS) within an organism resulting in lipid, 
protein and DNA damage. The biochemical markers of oxidative stress include the 
depletion of non-enzymatic antioxidants, elevated levels of ROS, presence of 
malondialdehyde (MDA) (a byproduct of lipid peroxidation) and carbonyl proteins (a 
byproduct of protein oxidation), were analysed in both the infected and non-infected 
tissues. The level of superoxide anion (O2-) was higher in infected than non-infected 
tissue and the rise depends upon the number of parasites. The increase of O2- level 
was found significant in case of mild and heavily infected tissues whereas, it was 
insignificant in case of low infection. MDA level was found elevated which is an 
indicator of lipid peroxidation. Infected animals show an increased level of carbonyl 
protein, a parameter of oxidative damage of protein. The level of glutathione was 
significantly decreased in infected as compared to non-infected animals. Thus, it can 
be summarized from this study that the oxidative stress in goat increases due to H. 
contortus infection and the severity of stress depends on the worm burden. 
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During establishment of the parasite in their microhabitat, a chain of dynamic 
interactions particularly physiological and immunological interactions occur at the 
host- parasite interface. The parasite induced pathological and immunological events 
at the interface would provide an insight of the disease manifestation. Oedematous 
folds, petechial haemorrhage and nodule formation in the infected abomasum was 
observed in the infected tissue which may be due to the piercing activity of the worm 
for feeding on blood as it is a voracious blood feeder. Histopathological and 
histochemical studies performed on infected and non-infected host tissues revealed 
catarrhal inflammation, oedema, necrosis and intense cellular infiltration. The 
infiltrated cells were identified as eosinophil, neutrophil, macrophages, lymphocyte, 
plasma cell and mast cell. The cellular infiltration around the vicinity of worms 
indicates the involvement of cell mediated immunity against parasite. Heavy 
infiltration of mast cell was also confirmed by transmission electron microscopy 
(TEM).  Hyperplasia of the goblet cell and gastric glands was observed in the infected 
tissue. A marked increase in the deposition of neutral mucin and acid mucin was 
observed by PAS and Alcian blue staining respectively in the infected tissue. Over 
secretion of mucous at the host parasite interface may be a consequence of host 
reaction for defense, as mucous layer in the gastrointestinal tract forms the first line of 
defense for microorganisms, parasites and their toxins. 
It was found by in vitro studies that ROS causes damage to the parasites hence 
it is presumed that these molecules are responsible for the expulsion or killing of the 
worms in the host. The parasites overcome this immune attack with the help of their 
antioxidant enzymes which was also found to be increased. It is therefore, 
undebatable that antioxidant enzymes play an important role in the establishment and 
persistence of H. contortus in the host. The possibility of interfering or blocking of 
these enzymes by drug or vaccine may be helpful to control this parasite. Analysis of 
isozymes profile of male and female worms by native PAGE indicates the difference 
in the number of bands in male and female worms which could be exploited for 
vaccine development.  
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1. Introduction
   Haemonchus contortus (H. contortus), a highly pathogenic 
gastrointestinal nematode parasite of sheep and goat causes 
great production losses in these animals due to its blood 
feeding behaviour. Both adult and fourth stage larvae 
are haematophagous and thereby responsible for severe 
anaemia, loss in weight, milk, meat and wool production 
and frequent death particularly in young animals[1-3]. 
Average blood loss due to H. contortus infection has been 
reported to be 0.03 mL per day per worm[3]. The adult 
parasites cause oedema and hemorhages to abomasal 
mucosa due to continuous attachment[4].
   Parasites are exposed to the reactive oxygen species (ROS) 
such as superoxide anion (O2
-
), hydroxyl radicals (.OH) and 
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Objective: To determine the activity of superoxide dismutase (SOD) in the male and female 
haematophagous caprine worms, Haemonchus contortus infecting Capra hircus, and their E/S 
products and also to analyse the effect of Haemonchus infection on the level of host SOD.
Methods: The SOD activity was analysed by using the pyrogallol autoxidation assay and 
non-denaturing polyacrylamide gel electrophoresis followed by specific enzyme staining by 
riboflavin-nitroblue tetrazolium method. 
Results: The adult females were found to have higher enzyme activity than the male worms. 
Appreciable amount of SOD activity was also detected in the worm culture medium and female 
worms secreted more SOD in comparison to the male parasites. The SOD activity was negatively 
correlated to the worm burden. Statistically significant decrease in SOD activity (P<0.05) was 
observed in the heavily infected host tissue in comparison to the control non-infected host tissue. 
SOD profile of the crude extracts of both the sexes revealed polymorphism and a fast migrating 
activity band being characteristic of E/S products. The SOD activities were found highly sensitive 
to potassium cyanide indicating the Cu/Zn form of SOD. 
Conclusions: Haemonchus contortus is a key model parasite for drug and vaccine discovery. 
The presences of SOD activity in appreciable amount in the parasite as well as its E/S products 
indicate that it has a well-developed active antioxidant system to protect itself from the host 
immune attack. SOD could be the target for vaccine development which is the need of the hour 
as mass drug administration for parasite control has resulted in anthelmintic resistance across 
the globe and threatens the viability of sheep and goat industry in many regions of the world. 
The infection with Haemonchus causes a drastic reduction in SOD activity of the host tissue thus 
effecting its protective potential. One characteristic SOD band was found in the females which 
was not present in any other preparations and thus could be exploited for further studies on 
diagnostic/control measures.
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hydrogen peroxide (H2O2), produced during normal cellular 
metabolic processes[5,6]. The production of ROS generated 
by macrophagous, neutrophils and eosinophils increases 
considerably in response to parasitic infection, which is 
thought to play a role in killing or expulsion of parasite 
from the host and thereby prevent the establishment of 
infection[7-10]. ROS are deleterious and can damage various 
biomolecules by oxidation of protein, lipid peroxidation, 
depolymerization of polysaccharide and nucleic acids[6,11].
To counter these destructive processes, parasites have 
developed several protective mechanisms, including 
the production of antioxidant enzymes which are used 
to neutralize the free radicals generated by the host and 
repair the ROS derived damage[6]. In addition to this, some 
parasites induce alteration in host metabolism in such a 
way that reduces the production of ROS particularly in their 
microhabitat[6, 9,12].
   Superoxide dismutases (SODs, E.C 1.15.1.1) are most 
prominent and widely distributed antioxidant enzymes, 
which play an important role in controlling the level of 
superoxide radicals. It protects the parasite from free 
radicals by catalysing the dismutation of superoxide anion 
(O2
-
) to hydrogen peroxide and molecular oxygen[6]. Based 
upon the metal co-factors, copper-zinc (Cu/Zn), and 
manganese (Mn) SOD have been reported in eukaryotes. Mn 
SOD is predominantly present in the mitochond rial matrix. 
The Cu/Zn SODs have been subdivided into extracellular (EC) 
and cytosolic component[13], both of these forms have been 
reported in parasites[14,15]. Cu/Zn SOD is sensitive to cyanide 
and hydrogen peroxide while, is insensitive to cyanide and 
hydrogen peroxide but it is sensitive to sodium dodecyl sulfo
nate[16].                  
   The SOD activity has been detected in many parasitic 
nematodes species such as Trichinella spiralis (T. spiralis), 
Trichinella pseudospiralis and Trichinella nelsoni[17], 
Trichostrongylus colubriformis, Trichostrongylus vitrinus, 
Nematodirus battus ,  Nippostrongylus brasiliensis 
(N. brasiliensis ), Teladorsagia circumcincta and H. 
contortus[18,19], Dirofilaria immitis[20], Litomosoides carinii 
and Setaria cervi (S. cervi)[21], Dictyocaulus viviparous[22], N. 
brasiliensis and Nematospiroides dubius[7]. In these studies 
the sex of the parasite was not taken into consideration, 
however, few studies have been carried out on male and 
female worms of Brugia malayi (B. malayi)[14], S. cervi and 
Ascaris suum[23,24], but there is paucity of information on SOD 
activity of male and female H. contortus. Furthermore, there 
is no study of SOD available in H. contortus in the Asian 
continent as Yin et al.[4] have found high level of genetic 
differentiation among H. contortus from different continents. 
The present study was, therefore, undertaken to characterize 
the SOD in male and female H. contortus, its excretory/
secretory (E/S) forms and in the host tissue. The effect of 
H. contortus on the level of host SOD which may be helpful 
in understanding the host parasite relationship was also 
investigated.
2. Materials and methods
2.1. Collection and preparation of parasite host tissues 
extracts
   In the present study, male and female H. contortus, 
(ovigerous and non-ovigerous mature), uninfected, low (<100 
worms), mild (100-500 worms) and heavily (>1 000 worms) 
infected host tissue (abomasum) and E/S products of parasites 
were used for the estimation of SOD activity. All specimens 
were collected from the naturally infected goats (Capra 
hircus), slaughtered at the local abattoir (Aligarh, India), 
washed several times with Hanks balanced salt solution 
premaintained at (37依2) °C to remove all the debris. Isolated 
parasites and small pieces of host tissues were blotted and 
homogenized separately in a Potter Elvehjm homogenizer 
in 0.1 mol/L ice cold phosphate buffer (pH 7.4) at 4 °C. The 
homogenate were sonicated (Ultrasonic processor-5 mm 
probe) on an ice bath for 3伊1 min with 30 seconds interval 
and then centrifuged at 10 000 r/min for 15 min at 4 °C 
in microfuge (Hitachi, Japan). After centrifugation, the 
supernatants were collected and stored at -20 °C in the form 
of aliquots for further use.  
2.2. Collection of E/S products
   In order to obtain E/S products, equal numbers (150) of 
males and females were incubated separately in 5 mL RPMI-
1640 medium (Hi media, AT028) in water bath premaintained 
at (37依2) °C for 6 h. After incubation, the worms were removed 
and medium was centrifuged at 10 000 r/min for 5 min 
and then concentrated by dialysis, using cellulose tubing 
(Sigma-Aldrich, D9777).
2.3. Enzyme assay
   The activity of SOD was measured by the inhibition 
of pyrogallol autoxidation procedure of Marklund and 
Marklund[25], with minor modifications. A total of 0.05 mL 
sample solution was added to 2.85 mL of 50 mmol/L tris-
cacodylate buffer (pH 8.5), containing 1 mmol/L diethylene-
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triaminepentaacetic acid and 1 mmol/L ethylene diamine 
tetraacetic acid, thoroughly mixed and incubated at 25 °C for 
10 min. Purified bovine liver Cu/Zn SOD (Sigma Chemical Co., 
USA) preparation was also run simultaneously to standardize 
the assay. After incubation, the reaction was initiated by the 
addition of 0.1 mL of freshly prepared 2.6 mmol/L pyrogallol 
solution to attain a final concentration of 0.13 mmol/L in the 
assay mixture. The assay mixture was transferred to a 3.5 
mL cuvette and the rate of increase in the absorbance at 420 
nm was recorded for 3 min after an initial lag period of 30 
seconds in a UV/Vis spectrophotometer (Systronics, India). 
The lag period of 30 seconds was allowed for steady state of 
autoxidation of pyrogallol to be attained which is important 
for reproducibility of results. The activity of SOD was 
presented as unit/mg protein. One unit of SOD is described 
as the amount of enzyme required to cause 50% inhibition 
of pyrogallol autoxidation under specified assay condition. 
Protein concentration in the samples was determined by 
the dye binding method of Spector[26], using bovine serum 
albumin standard.
2.4. Determination of metallic cofactor of SOD
 
   To determine the types of SOD, crude homogenates of male 
and female parasite, their E/S products and host tissues (both 
infected and non-infected) were separately mixed with 0.5, 
1.0, 3.0 and 5.0 mmol/L concentration of potassium cyanide 
(KCN), 1, 3, 5 and 10 mmol/L concentration of sodium azide 
(NaN3), and hydrogen peroxide (H2O2) and incubated at 37 °C for 10 
min. After incubation, the SOD activity in each sample was 
measured as described above. Based on per cent inhibition, 
the presence of metallic cofactor in the active site of SOD was 
identified. Inhibition studies in the gels were also performed 
by using only the final concentrations of above mentioned 
inhibitors.
2.5. Electrophoretic fractionation of SOD 
   The parasites and host SODs were fractionationated on 
12.5% polyacrylamide gel under native conditions by using 
discontinuous buffer system of Laemmli[27], without sodium 
dodecyl sulfonate and 2 mercaptoethanol. The sample 
solutions and purified Cu/Zn SOD from bovine liver (Sigma 
Chemical Co., USA) were separately incubated in Laemmli’s 
sample buffer (without sodium dodecyl sulfonate) in 3:1 ratio 
(v/v) for 15 min at room temperature and then loaded onto 
the gel. After loading 40 µg protein samples and 2 µg purified 
SOD, the electrophoresis was carried out at 100 V for 2 h 
in refrigerator, using Mini Protean dual slab 3 cell system 
(Biorad Ltd., USA). After electrophoresis, the staining of the 
gels for SOD activity was performed according to the methods 
of Beauchamp and Fridovich[28]. In brief, the gels were 
soaked in a solution containing 0.2% nitroblue tetrazolium, 
0.028 mol/L N,N,N”,N”-tetramethylenediamine and 2.8×10-5 
mol/L riboflavin in 50 mmol/L potassium phosphate buffer 
(pH 7.8) for 1 h at room temperature in the dark and shaken 
at constant intervals. After incubation, the gel was rinsed 
thoroughly with double distilled water and placed under 
a fluorescent light until achromatic zones indicating SOD 
activity were clearly visible in the blue background. For 
inhibition studies, inhibitors were added in incubation 
medium at a final concentration of 5 mmol/L in case of KCN 
and 10 mmol/L for NaN3 and H2O2.
2.6. Documentation and gel analysis
   Stained gels were scanned on all in one HP Deskjet (F2235) 
computer assembly and densitogram was then prepared 
using Image J (1.46 r) software (National Institute of Health, 
USA).
2.7. Statistical analysis
   Statistical analysis was performed by using One way 
ANOVA followed by the post hoc Tukeys HSD multiple 
comparisons test using the statistical software R (2.15.1 version, 
Austria)[29]. Confidence level was held at 95% and P<0.05 was 
considered as significant. 
3. Results
3.1. SOD activity in parasites and host tissues
   Specific SOD activity measured in soluble extracts of 
parasites and host tissues and E/S products of parasites are 
presented in Table 1. Ovigerous females showed significantly 
higher values than non ovigerous adult females and males, 
whereas, the differences between male and non ovigerous 
adult female were insignificant (Figure 1a). Maximum 
specific SOD activity was observed in the non-infected host 
tissue which declined in the infected tissue and was related 
to the worm burdens (Table 1). Statistical analysis revealed 
that heavily infected host tissue had significantly low level 
of SOD than low, mild and non-infected tissues. However, 
differences between low and mild as well as between low 
and non-infected host tissues were insignificant (Figure 
1b). The amount of SOD secreted by adult females was 
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significantly higher than males (Figure 1a). The worms 
secrete approximately 6 times more SOD to the specific 
activity determined in their respective homogenates and the 
female worms secrete comparatively higher level of SOD than 
their male counterparts.  
Table 1 
Specfic activity of SOD in crude homogenates of H. contortus, E/S products 
and host tissues.
Samples Enzyme activity
Ovigerous females  8.87依0.78
Non ovigerous females  5.03依0.20
Males  3.78依0.30
E/S products of female 32.45依1.01
E/S products of males 26.26依0.93
Non infected tissue 21.66依1.06
Low infected tissue 18.85依0.56
Mild infected tissue 16.43依0.59
Heavily infected tissue   9.14依0.51
All values are expressed as units per mg of soluble protein extracts (mean依SE 
of 3 independent samples with 3 replicates each).
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Figure 1. Post hoc Tukey tests for group wise comparisons of significant 
SOD activity.
Each horizontal bar represents the differences between two groups with 
95% confidence interval. If the interval excludes 0 then the difference is 
considered as significant for that pair wise comparison. 
a) O: Ovigerous female, F: Non ovigerous adult female, M: Male, ESF: E/S 
products of female , ESM: E/S products of male.
b) N: Non-infected tissue, L: Low infected tissue, M: Mild infected tissue, H: 
Heavily infected tissue.
a) b)
3.2. Electrophoretic analysis of SOD
   Analysis of SOD activity as determined in worm extracts 
by native polyacrylamide gel electrophoresis followed by 
specific enzyme staining by riboflavin-nitro blue tetrazolium 
method revealed 3 and 4 activity bands in male and female 
worms respectively, while, infected and non-infected host 
tissue presented only one activity band (Figure 2). The 
2nd and 3rd activity bands of male and female parasites 
respectively on the gels (Figure 2, lanes 2 and 3) were present 
at the same level of host tissue (Figure 2, lanes 5 and 6), 
indicating that these bands may be of host origin. The E/
S products of adult worms also presented one activity band 
at the same level of fastest migrating band of the somatic 
extracts of parasites (Figure 2a). The 3D densitograms 
prepared from gel scans also demonstrate noticeable 
differences in the SOD activity bands in the parasite and host 
tissue (Figure 2b).
 
Figure 2. SOD isozyme profile from different H. contortus extracts and host 
tissue. 
a: The original gel; b: 3-D densitogram prepared using Image J. Lane 1: 
Purified bovine liver Cu/Zn SOD; Lane 2: Extracts of males; Lane 3: Non-
ovigerous adult female; Lane 4: Ovigerous female; Lane 5: Infected host 
tissue; Lane 6: Non-infected tissue; Lane 7: E/S products of both male and 
female H. contortus. Lanes were fractionated on 12.5% polyacrylamide gel 
electrophoresis and zones of SOD activity visualized as described in the 
Materials and methods section. 
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3.3. Characterization of SOD
   Appreciable amount of enzyme activity was inhibited by 
KCN which is a known inhibitor for Cu/Zn SOD, but not by 
H2O2 and NaN3 (Figure 3). Similarly, no activity band of SOD 
was detected following treatment of gels with 5 mmol/L KCN, 
whereas other inhibitors didn’t abolish the enzyme activity 
but only reduced the enzyme activity (data not shown). It 
demonstrates the noticeable effect of KCN, which reveals that 
KCN is the most potent inhibitor of SOD.
Figure 3. Effect of inhibitors on the SOD activity of male and female H. 
contortus, their E/S products and infected tissue. 
The SOD activity was assayed in the presence or absence of inhibitors 
and inhibition was presented as percentage of inhibition of the total SOD 
activity. KCN: Potassium cyanide, NaN3: Sodium azide, H2O2: Hydrogen 
peroxide. 
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4. Discussion 
   The presence of appreciable amount of SOD in adult 
H. contortus and its E/S products indicate that an active 
antioxidant system for evasion of host generated free radical 
attack is evident, which would ensure survival of parasite. 
Comparatively, higher SOD activity was found in female than 
male H. contortus in our study. Contrarily, Ou et al.[14] and 
Sharma and Rathaur[23] reported higher SOD activity in males 
than females of B. malayi and S. cervi respectively. Female 
H. contortus expressed higher SOD levels than males and 
therefore may survive for prolonged period, as the survival of 
parasite in the host has been shown to be dependent on the 
level of free radical scavenging enzymes[8,10]. Furthermore, 
we recovered higher numbers of female than male parasite 
from infected abomasums which also provided support 
for prolonged survival of females. The high level of SOD in 
females as compared to males could be attributed to the 
greater need for protection of eggs and offspring from free 
radicals generated within the parasite. It has been pointed 
out that due to higher metabolic rate during reproductive 
phase of female, there is greater consumption of oxygen 
accompanied by liberation of superoxide anion radicals 
which could be lethal to the eggs if they are not neutralized 
by appropriate level of SOD[24]. Liddell and Knox[30], reported 
high SOD activity in the uterine region of adult H. contortus 
females by indirect immuno fluorescent staining and 
suggested that SOD may be required at some stage of egg 
production. The female H. contortus may be more exposed to 
oxyhaemoglobin derived oxygen radicals because of sucking 
more blood than males for egg production[31], therefore they 
increase the induction of SOD to neutralize free radicals 
as suggested by Kotze[32], for higher catalase activity in 
the female parasites. Thus, females as compared to males 
may detoxify free radicals more effectively by increasing 
the production of SOD and may, therefore, offer more 
resistance to killing by free radicals, as also suggested for 
Heligmosomoides polygyrus by Ben Smith et al[8]. Therefore, 
differential level of SOD in male and female H. contortus 
in the present study could also be correlated with the 
susceptibility and resistance to highly reactive free radicals.
   High level of SOD activity was detected in the culture 
medium as compared to somatic extract of H. contortus, 
indicating that the enzyme is actively secreted by the 
parasite. The SOD activity in E/S products of male and female 
H. contortus was about 6 times higher than their respective 
somatic extracts. Ou et al.[14] found 10 and 13 times more SOD 
activity in the E/S products of male and female B. malayi, 
respectively, than their somatic extracts. Several fold higher 
SOD activity in E/S products of adult Fasciola hepatica 
and Paragonimus westermani has also been reported as 
compared to their respective somatic extracts[33,34]. The E/S 
SOD may provide protection against free radicals generated 
at host-parasite interface and play an offensive role by 
causing damage to the inflammatory cells[11]. Protection 
of new born larvae of T. spiralis from killing by in vitro 
generated oxidant have been demonstrated by co culturing 
the larvae with adult T. spiralis[35]. Thus the importance 
of antioxidant enzymes in E/S is quite significant for the 
successful establishment of parasites since they may provide 
a protective barrier against the host immune responses. 
Therefore, SOD is rightly called as the immune defense 
protein.
   The decline of SOD activity in infected abomasums 
was found to be dependent on worm burden similar to 
those reported earlier for infected sheep red blood cell 
with Theilaria sp. and Babesia ovis[36,37]. Contrary to this, 
Łuszczak et al.[38] and Assady et al.[39] reported an increase 
in SOD level in infected bovine muscles and ovine liver with 
Taenia saginata and Fasciola spp. respectively. Significantly 
lower SOD activities in the infected abomasums in the 
present study indicate a decline in the antioxidant defence 
and enhance oxidative damage to the animals. Similar 
phenomenon has also been reported to occur in the ovine 
liver infected with Fasciola sp. and Dicrocoelum dentriticum 
and also in ovine skin infested with Psorptes ovis[40,41]. 
The fall of SOD activity in the infected host tissue could be 
explained by the superoxide anion dismutation to hydrogen 
peroxide caused by the overproduction of the superoxide 
anion linked to oxidative stress[42]. The superoxide anion 
also causes inactivation of Cu/Zn SOD[43]. The decrease 
in host SOD activity may also be due to the leakage of the 
cell content into the gut due to constant piercing activity 
by Haemonchus during its haematophagous mode of 
feeding. Hypoproteinemia is an important consequence 
of haemonchosis, which is responsible for protein loosing 
enteropathy. Infected animals loose large quantities of 
serum protein into the gut and it was reported that mean 
daily faecal clearance of plasma from Haemonchus infected 
animal was 210-340 mL/day[3].
   The fractionation of SOD isozymes by polyacrylamide gel 
electrophoresis revealed in the present study 4 and 3 SOD 
activity band in adult female and male worms respectively. 
The extra band in females may be an adaptive response to 
host generated free radicals attack and could be exploited 
for further studies. The infected and non-infected host 
tissue showed one activity band at the same level to that 
of the parasite SOD. The common activity band between 
parasite and the host tissue homogenates indicate that one 
SOD activity band of parasite may be of host origin, since 
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active exchange of materials between host and the parasite 
has been reported[44]. Similarly by IEF analysis, Hong et 
al.[44] reported that SOD activity band of adult Schistosomes 
and hamster red blood cell had the same pI value and 
suggested that the schistosomes may acquire host SOD 
during the intravascular life cycle. The sensitivity of SODs 
to KCN, suggests the presence of Cu/Zn form of SOD in the 
parasites, their E/S products and host tissue. Similarly, 
many workers have suggested the presence of Cu/Zn SOD in 
different helminth parasites including H. contortuson the 
basis of inhibition of SOD activity with KCN[19,44-46].
   It is now clear from above discussion that SOD is a 
fundamental enzyme needed for the establishment and 
persistence of H. contortus within the host. The possibility 
of interfering or blocking this enzyme could be the target of 
further investigations to weaken parasitic strategies which is 
the need of the hour as mass drug administration for parasite 
control has resulted in anthelmintic resistance across the 
globe and threatens the viability of sheep and goat industry 
in many regions of the world. Drug induced depression in 
the level of antioxidant enzymes of the parasite has been 
held responsible for elimination of N. brasiliensis[47]. SOD is, 
therefore, been recommend as a valuable vaccine candidate.
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